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INSTITUTE NEWS AND RADIO NOTES 
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March Meeting of the Board of Directors 


The Mareh meeting of the Board of Directors was held on the 2nd 
in the Institute office and attended by C. M. Jansky, Jr., acting chair- 
man; Melville Eastham, treasurer; Е. W. Cunningham, Alfred N. 
Goldsmith, Virgil М. Graham, О. В. Hanson, L. С. Е. Horle, В. J. 
Thompson, H. M. Turner, A. F. Van Dyek (guest), and H. P. West- 
man, secretary. ы 

J. В. Carson, Eduard Karplus, B. E. Shackelford, and B. J. Thomp- 
son were transferred to Fellow grade and A. M. Braaten, J. H. De- 
Witt, Jr., J. F. Drever, Jr., Г. B. Headrick, L. Е. Jones, Р. A. Loyet, 
J. B. Moore, and D. F. Schmit were transferred to Member grade. 

Fifty-five Associates, one Junior, and eleven Students were elected 
to membership. 

The dates for the 1938 Convention were shifted to June 16, 17, 
and 18, from the previously announced dates of June 20, 21, and 22. 
This avoids a conflict with another engineering convention. 


Joint Meeting of the Institute and the American Section of 
the International Scientific Radio Union 


The annual joint meeting of the Institute of Radio Engineers and 
the American Section of the International Scientific Radio Union will 
be held in Washington, D.C., on Friday and Saturday, April 29 and 
30, 1938. This year two full days, instead of the usual one day, will be 
devoted to the presentation of scientific papers. The Friday meeting 
will be held at the National Academy of Sciences, 2101 Constitution 
Avenue. It is expected that the Saturday meeting will be held in the 
auditorium of the old building of the Department of the Interior, 18th 
and F Streets, N.W. 

Besides the regular two-day program of scientific papers, tentative 
arrangements are being made for evening meetings on Thursday, 
April 28, and Friday, April 29, It is expected that the Thursday even- 
ing meeting will be a semipopular lecture on a subject of radio interest. 

It has been suggested that Friday evening be devoted to an infor- 
mal dinner and social meeting. Persons desiring to attend such a dinner 
are requested to notify the committee so that arrangements can be 
made. The time and place of this dinner will be announced at the 
scientific meeting Friday morning. 
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Further announcements concerning these meetings will be made in 
the final program of abstracts which will be available for distribution 
about April 15. Information will also be available at the Institute office 
in New York. Correspondence should be addressed to Mr. S. S. Kirby, 
National Bureau of Standards, Washington, D.C. The tentative pro- 
gram of titles is given below. 


Tentative Program, April 29 and 30 


"Observations on Sky-Wave Transmission on Frequencies Above 40 Mega- 
cycles," by D. R. Goddard, RCA Communications, Inc. 

“Regular Characteristics of the Ionosphere Throughout Half a Sunspot Cycle," 
by N.Smith, T. В. Gilliland, and S. S. Kirby, National Bureau of Standards. 

“Radio Observations in Puerto Rico," by С. W. Kenrick, University of Puerto 
Rico. 

"Ionosphere Disturbances Associated with Sunspot Activity," by J. H. Dellinger, 
S. S. Kirby, T. R. Gilliland, and N. Smith, National Bureau of Standards. 

“Investigations of Radio Fade-Outs at the Department of Terrestrial Mag- 
netism," by L. V. Berkner and H. W. Wells, Carnegie Institution of Wash- 
ington. 

“The American Magnetic Character Figure and Its Application to Communica- 
tion Problems," by A. G. McNish and H. F. Johnston, Carnegie Institution 
of Washington. 

“On the Periodicity of Ionosphere Storms," by S. S. Kirby, N. Smith, and T. В. 
Gilliland, National Bureau of Standards. 

"Possibilities of Ultra-Short Waves for Air Navigation," by Е. А. Kolster, Inter- 
national Telephone and Telegraph Company. 

“Photoelectric Measurements of Ultraviolet Solar Intensities in the Stratosphere, 
Transmitted from Unmanned Balloons,” by R. Stair and W. W. Coblentz, 
National Bureau of Standards. 

“Some Effects of the Absorption of Solar Radiation in the Upper Atmosphere,” 
by O. Wulf, United States Bureau of Chemistry and Soils. 

“Ultra-Short-Wave Transmission and Atmospheric Irregularities,” by С. В. 
Englund, A. B. Crawford, and W. W. Mumford, Bell Telephone Labora- 
tories, Inc. 

“Nonexistence of Continuous Intense Ionization in the Troposphere and Lower 
Ionosphere,” Бу О. Н. Gish and Н. С. Booker, Carnegie Institution of 
Washington. 

“Peak Field Strength of Atmospherics Due to Local Thunderstorms at 150 
Megacycles,” by J. P. Schafer and W. M. Goodall, Bell Telephone Labora- 
tories, Inc. 

“Radio-Wave Reflections in the Troposphere,” by R. C. Colwell and A. W. 
Friend, University of West Virginia. 

“The Influence of the Focusing Effect of a Negative Grid on Water-Cooled Tube 
Ratings,” by I. E. Mouromtseff, Westinghouse Electric and Manufacturing 
Company. 

“The Production of Accurate One-Second Time Intervals,” by W. D. George, 
National Bureau of Standards. 

“The Calculation of the Mutual Inductance of Circular Coils Which Are not 
Coaxial,” by F. W. Grover, Union College. 

“Resistance and Permeability Measurements at Ultra-High Frequencies,” by 
P. D. Zottu, RCA Manufacturing Company, Inc. 


ee 


чш. 


Institute News and Radio Notes 389 


“Notes on a Precise Frequency-Control System for Station WIXJ,” by J. A. 
Pierce, Harvard University. 

“An Application of Phase Modulation to the Measurement of Vibration,” by 
F. W. Lee, United States Geological Survey. 

*Eleetromagnetie-Horn Radiators,” Бу W. Г. Barrow, Massachusetts Institute 
of Technology. 

“Ground Conductivity Measurements in Canada,” by J. А. McKinnon, Can- 
adian Broadeasting Corporation. 

“The Exponential Transmission Line,” by C. R. Burrows, Bell Telephone 
Laboratories, Inc. 

“Absolute Sound Measurements,” by V. L. Chrisler, National Bureau of Stand- 
ards. 

“Electromagnetic Waves in Elliptical Hollow Pipes of Metal,” by L. J. Chu, 
Massachusetts Institute of Technology. 

“Note on the Accuracy of Field-Intensity Measurements at Medium Frequen- 
cies,” by H. Diamond, National Bureau of Standards, К. A. Norton, Fed- 
eral Communications Commission, and E. G. Lapham, National Bureau 
of Standards. 

“Static Emanating from Tropical Storms,” by S. P. Sashoff, University of 
Florida. 

The following program has been definitely arranged by the Committee 

for Thursday evening, April 28. 

7:30 P.M. Department of Commerce Auditorium, 14th St. south of Penn- 
sylvania Avenue. 

“The Electric Performance of the Electric Eel” (with demonstration), by К. T. 
Cox, New York University, and C. W. Coates, New York Aquarium. 
“Electromagnetic waves in free space in metal pipes and in dielectric wires.” 
(an experimental demonstration), by G. C. Southworth, Bell Telephone 

Laboratories, Inc. 


Committee Work 


ADMISSIONS COMMITTEE 


The Admissions Committee met in the Institute office on February 
2. Those present were F. W. Cunningham, chairman, Melville East- 
ham; J. F. Farrington, R. A. Heising, L. C. F. Horle, C. M. Jansky, 
Jr., Е. В. Shute, A. Е. Van Dyck, and H. P. Westman, secretary. Two 
applications for transfer to Fellow grade and four for admission were 
approved. Of five applications for transfer to Member, three were ap- 
proved and nine of twelve applications for admission to Member were 
approved. 

ANNUAL REVIEW COMMITTEE 


A meeting of the Annual Review Committee was held in the In- 
stitute office on January 11 and was attended by A. F. Van Dyck, 
chairman; D. E. Foster (representing H. A. Wheeler), Raymond Guy 
(representing J.C. Schelleng), J. V. L. Hogan, D. G. Little (representing 
J. C. Schelleng), H. Е. Olson, В. J. Thompson, H. M. Turner, L. E. 
Whittemore, J. D. Crawford, assistant secretary, and H. P. Westman, 
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secretary. The material prepared by the several technical committees 
reviewing developments in radio during 1937 were edited at this meet- 
ing. These reports were published in the March, 1938, issue of the 
PROCEEDINGS. 

BOARD or EDITORS 


On January 13 the Board of Editors met in the Institute office 
and those present were Alfred N. Goldsmith, chairman; R. В. Batcher, 
P. S. Carter, J. W. Horton, B. E. Shackelford, K. S. Van Dyke, L. P. 
Wheeler, L. E. Whittemore, William Wilson, J. D. Crawford, adver- 
tising manager; H. M. Stote, assistant editor; and H. P. Westman, 
secretary. The meeting was devoted to a discussion of both the mechan. 
ical and editorial make-up of the PROCEEDINGS. 


MEMBERSHIP COMMITTEE 

The Membership Committee met in the Institute office on Decem- 
ber 17 and those present were Е. W. Cunningham, chairman; Howard 
Chinn, T. H. Clark, I. S. Coggeshall, E. D. Cook, Coke Flannagan, 
Н. С. Gawler, L. G. Pacent, C. В. Rowe, С. E. Scholz, and H. P. 
Westinan, secretary. 

A meeting of the Membership Committee was held on March 2 in 
the office of the Institute. Those present were C. Е. Scholz, chairman; 
Howard Chinn, I. S. Coggeshall, Е. D. Cooke, Е. W. Cunningham, 
Coke Flannagan, L. G. Pacent, C. R. Rowe, Bernard Salzberg, and 
J. D. Crawford, assistant secretary. 


New York PnoanAM COMMITTEE 

Austin Bailey, chairman; R. R. Beal, A. D. Chamberlain, Keith 
Henney, G. T. Royden, J. D. Crawford, assistant secretary; and Н. Р. 
Westman, secretary, attended a meeting of the New York Program 
Committee held in the Institute office on February 9. The meeting 
was devoted to the preparation of the program for the next few New 
York meetings. 

STANDARDS COMMITTEE 

The Standards Committee met in the Institute office on January 
28. Those present were L. С. Е. Horle, chairman; L. F. Curtis, L. P. 
Wheeler, William Wilson, and H. P. Westman, secretary. Final action 
was taken on the report of the Technical Committee on Radio Re- 
ceivers. This finishes the work of the 1937 Standards Committee. 


TECHNICAL COMMITTEE ом ELECTROACOUsTIC DEvicEs— ASA 


А meeting of the Technical Committee on Electroacoustic Devices, 
operating under the Sectional Committee on Radio of the American 
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Standards Association was held in the Institute office on December 17. 
Those in attendance were Julius Weinberger, chairman; E. D. Cook 
(representing Н. В. Marvin), A. H. Caeser (guest), Frederick Ireland 
(representing Melville Eastham), J. W. Fulmer, H. S. Knowles, Ben- 
jamin Olney, L. J. Sivian, and H. P. Westman, secretary. 

On December 20, a meeting of a subcommittee of the above com- 
tee was held in the Institute office and attended by Julius Weinberger, 
chairman; Н. $. Knowles, L. J. Sivian, and H. P. Westman, secretary. 
These meetings were devoted to the preparation of a report on the 
testing of loud speakers for submission to the American Standards 
Association. 


TECHNICAL COMMITTEE ON TELEVISION 


The Technical Committee on Television met on January 26 in 
the Institute office. Those present were J. V. L. Hogan, chairman; 
J. L. Callahan, К. B. Eller (representing J. W. Milnor), E. W. Eng- 
strom, P. C. Goldmark (representing, Е. К. Cohan), С. W. Horn, D. D. 
Israel, Е. Е. Kingsbury, H. М. Lewis, A. Е. Murray, В. Е. Shackelford 
(representing C. B. Jolliffe), J. D. Crawford, assistant secretary; and 
H. P. Westman, secretary. The meeting was devoted to a revision of 
the annual review report in order to bring the style of presentation into 
conformance with that employed by the other technical committees 
in their reports. 


Institute Meetings 
ATLANTA 


С. Е. Daugherty, chairman, presided at the February 17 meeting 
of the Atlanta Section which was held at the Atlanta Athletic Club 
and attended by twenty-four. 

“The Trend in Modern Receiver Design,” was the subject of a 
paper by J. S. Morris of the Morris Radio Service. The general design 
requirements of receivers intended for various services were first 
sketched. Receivers for broadcast reception were then considered and 
it was pointed out that the trend is toward sacrificing some sensitivity 
and selectivity to attain greater ease in tuning and lessen the possibility 
of distortion resulting from improper tuning. Automatic tuning sys- 
tems were then described. The effect of the relatively high output 
capacitance of metal tubes when used in single-tube tuned-radio- 
frequency amplifiers, was discussed. There were then considered the 
problems of all-wave noise-reducing antenna systems and various 
types of tuning indicators. 
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BuFFaLo-NIAGARA 


A meeting of the Buffalo-Niagara Section was held on February 9 
at the University of Buffalo. G. C. Crom, Jr., chairman, presided and 
there were thirty-four present. 

H. L. Olesen, assistant general sales manager of the Weston Elec- 
trical Instrument Corporation, presented a paper on “Interesting 
Features Found in Indicating Instruments.” The paper was devoted 
to indicating instruments only and did not consider recording or in- 
tegrating devices. The first type considered, which is useful for both 
direct current and low-frequency alternating current, consists of a 
fixed coil encircling two elements of nonretentive magnetic material. 
One element is fixed and the other, carrying a pointer, is mounted оп a 
pivot. The shape and position of the elements are so arranged that the 
like poles of the elements cause movement by repulsion. This type of 
instrument, absorbs a relatively large amount of power. The second 
type, for direct eurrent only, consists of a pointer mounted on a coil 
whieh rotates within the field of a permanent magnet. It is highly sen- 
sitive and may be designed to give full-seale deflection on as little as 
five mieroamperes. By means of a copper-oxide rectifier it may be 
applied to the measurement of alternating currents of moderate fre- 
quency. In this service its sensitivity is reduced. A third type, known 
as the dynamometer, consists of a pointer attached to a moving coil 
the field of which reacts against that of one or two fixed coils. It is 
useful for both alternating and direct currents. The fourth type, also 
applicable to direct and alternating currents, is the hot-wire instrument. 

It was pointed out that high precision was obtained by the use of 
extremely small, delicate, and accurately shaped parts. Pointers are 
made of wire 0.001 inch in diameter. Some are of seamless tubing 
0.001 inch thick and 0.012 inch in outside diameter. Some pivots have 
an end diameter as small as 0.0002 inch. An infinitely small point is, 
of course, not physically possible. As an interesting contrast, he de- 
scribed the shunt to an ammeter to measure a current of 50,000 am- 
peres. It cost over $2000 and consumed about 25 kilowatts of power 
although it was used with an indicating instrument costing but a few 
dollars. He then described various features found in voltmeters reading 
up to a million volts. 

Methods of eliminating contact-resistance errors in instruments em- 
ploying adjustable multiple shunts were described. The application of 
bridges and rectifiers to meters for special purposes was discussed as 
well as schemes employing thermocouples and photoelectric cells. A 
variety of instruments and component parts were displayed. 
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CHICAGO 


On March 4 a meeting of the Chicago Section was held at Fred 
Harvey’s Union Station Restaurant and attended by one hundred and 
fifty. J. Е. Brown, chairman, presided. 

“Tube and Circuit News from the Physies Laboratories” was the 
subject of a paper by J. B. Hoag, professor of physics at the University 
of Chicago. Dr. Hoag’s discussion centered about unique tube and 
circuit applications as an aid to research in physics. Among these was 
the use of vacuum tubes in quenching the gaseous discharge in Geiger 
counter tubes. Another development is the use of electron-beam-de- 
flecting tubes as high-frequency oscillators. Large anode areas are 
effective for power dissipation and relatively small control elements 
permit lumped cireuit constants at these frequencies. The utility of 
gaseous or high-vacuum electronic switches was described and in- 
cluded the use of thyratrons and several variations of multivibrator 
circuits which are free from limitations imposed by deionization time. 
Recent developments in ionization manometers have resulted in greater 
dependability of calibration and independence of fluctuations of supply 
voltages. 

CINCINNATI 


'The February 2 meeting of the Cincinnati Section was held jointly 
with the local sections of theAmerican Institute of Electrical Engineers 
and the Illuminating Engineering Society at the Cincinnati Gas and 
Electric Company auditorium. It was attended by five hundred. Pro- 
fessor Wilson of the department of engineering of the University of 
Cincinnati introduced Phillips Thomas of the Westinghouse Electric 
and Manufacturing Company research laboratories who presented a 
demonstration lecture on “Adventures in Electricity.” 

Dr. Thomas demonstrated and discussed an electrostatic air filter, 
uses for polarized light, a model of an atom-smashing device developing 
400,000 volts, a card sorter using light-operated relays, an infrared- 
ray burglar alarm, and other interesting devices. 


The February 18 meeting was a joint meeting of all of the societies 
affiliated with the Cincinnati Technical and Scientific Societies Coun- 
cil. There were seven hundred present and the meeting was held in 
the Taft auditorium with Thornton Boggart, president of the Engineers 
Club of Cincinnati, presiding. 

“Traffic in the City of Tomorrow," was the subject of a paper by 
Miller MeClintock, director of the Bureau for street-traffic research 
of Harvard University and of the traffic audit bureau of New York 
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City. Dr. McClintock gave a brief history of the growth of automobile 
travel stressing the point that we are still trying to use highways de- 
signed for slow-moving traffic. The difficulties of educating the public 
to use these highways with consideration of their limitations was then 
discussed. He pointed out that there were four general conditions which 
result in accidents. The collisions are between vehicles traveling in 
opposite directions, vehicles driven at right angles to each other, 
moving vehicles and parked vehicles or other obstructions located 
along the right of way, and vehicles traveling in the same direction but 
at different speeds. He estimated that 98 per cent of all accidents could 
be avoided by the elimination of crossings, the separation of travel in 
opposite directions by the erection of physical barriers, the elimination 
of parking and unloading along the highway, and the proper segrega- 
tion of vehicles traveling in the same direction but at different speeds. 


EMPORIUM 


The February 10 meeting of the Emporium Section, which was 
attended by sixty, was held in the American Legion Rooms and pre- 
sided over by A. W. Keen, chairman. 

A paper on “Electrical Measuring Instruments,” was presented by 
H. L. Olesen of the Weston Electrical Instrument Corporation. This 
paper is summarized in the report of the February 9 meeting of the 
Buffalo-Niagara Section. The paper was discussed by Messrs. Abbott, 
Baldwin, Bowie, Campbell, Ratchford, and Stringfellow. 


A special dinner-meeting of the Emporium Section was held on 
February 28 at the Hotel Warner and attended by seventy-five. A. W. 
Keen, chairman, introduced В. G. Erskine, president of the Hygrade 
Sylvania Corporation who served as toastmaster. The speaker of the 
evening was J. W. Van Allen, general counsel of the Radio Manufac- 
turers Association. 

Judge Van Allen pointed out the need for more science in govern- 
ment and indicated that constant experimentation which fails would as 
surely lead to bankruptcy in government as it does in business. He 
called upon engineers to broaden their interests by reading and studying 
in other fields. As an example, he recalled that Samuel F. B. Morse, a 
pioneer in telegraphy, was considered one of the best pictorial artists 
in America during his time. 


MONTREAL 
The Montreal Section met on January 26 in the Engineering Insti- 


tute of Canada auditorium. A. M. Patience, chairman, presided and 
there were one hundred and fifty present. 


Institute News and Radio Notes 395 


“Practical Aircraft Navigation and Communication” was the sub- 
ject of а paper by W. P. Lear, president of Lear Developments. It 
dealt with recent developments in radio compasses. The requirements 
for a successful one were that there be no 180-degree ambiguity, the 
bearing should be independent of phasing, design should permit inter- 
changeability of tubes and loops, frequency calibration should be ac- 
curate and should cover bands from three to six megacycles, from 500 
to 1500 kilocycles, and from 195 to 500 kilocyeles; it should be carrier- 
operated and thus independent of modulation, it should provide a con- 
stant left or right visual indication as well as an aural null indication, 
it should be capable of receiving either telephone or continuous-wave 
signals, an output of from 250 to 300 milliwatts should be provided to 
permit operation of as many as four to six headsets, remote control 
should be incorporated, either a fixed or rotatable loop should be usable, 
and the power consumption should not exceed 35 to 50 watts. The paper 
was discussed hy Messrs. DeNiverville, Lauruk, and Rushbrook. 


The first meeting of the Montreal Section in February was held on 
the 9th at the Engineering Institute of Canada auditorium. There were 
fifty-eight present and Chairman Patience presided. 

W. P. Dobson, chief test engineer of the Ontario Hydro-Electric 
Power Commission, presented a paper on "Testing Ápprovals and 
Interpretation of the Canadian Electrical Code with Special Reference 
to Radio." He presented first a brief historical outline of the Ontario 
Hydro-Electric Laboratory. Its functions were indicated as purely 
that of testing and issuing approvals for appliances based on the speci- 
fications incorporated in the Canadian electrical code. The object of 
such approvals is to minimize the danger of shock and fire. Recently 
the question of interference to radio reception has become important 
in view of the Canadian Broadcasting Act. The paper was discussed 
by Messrs. Beauchamps, Hammond, Hunt, Oxley, Patience, Sillitoe, 
and Vennes. 


The February 24 meeting was attended by two hundred and was 
held jointly with the Engineering Institute of Canada in the Bell audi- 
torium, C. V. Christie, professor at McGill University, presided. J. О. 
Perrine, associate editor of the Bell System T'echnical Journal, presented 
a paper on “Words, Waves, and Wires." 

In it, Dr. Perrine discussed the problems of electrical communica- 
tion. He demonstrated a high-fidelity loud-speaker system, whieh was 
used in conjunction with a high-fidelity mierophone as a public-address 
system, for the presentation of the paper. The effect on the reproduc- 


396 Institute News and Radio Notes 


tion of speech by the insertion of filters was described and demon- 
strated. A high-quality program line between Montreal and Toronto 
was used for demonstration purposes as was an ordinary circuit to 
Chicago via New York, This line was approximately 3000 miles long 
and was used to demonstrate effects in the transmission of speech. 


New Уовк 


The regular New York meeting of the Institute was held in the 
Engineering Societies Building on March 2. H. M. Turner, a member 
of the Board of Directors, presided in the absence of President Pratt. 

The first paper was on “A Bearing-Type High-Frequency Eleetro- 
dynamic Ammeter" by H. R. Meahl of the General Electric Company, 
Schenectady, N.Y. 1t covered a jewel-bearing oscillating-ring electro- 
dynamie instrument. 145 method of operation and calibration was 
described. Data and calculations were presented to show that it may 
be employed as a standard for current measurement at high fre- 
quencies. Frequency characteristics of three thermocouple ammeters 
were obtained by comparison with the electrodynamic ammeter. 

The second paper by J. B. Sherman of the RCA Manufacturing 
Company, Radiotron Division, was on “An Audio-Frequency—Re- 
sponse-Curve Tracer.” A cathode-ray oscillograph tube having a long- 
persistence screen was used as the indicating device. The equipment to 
be measured had its output connected to one pair of deflecting plates. 
By electrical means, an oscillator, connected to the input of the device 
under test, is made to traverse the audio-frequency spectrum and the 
voltage applied to the other deflecting plates is controlled by the fre- 
quency of the oscillator. Thus, as the oscillator sweeps through the 
audio-frequency spectrum, the response-frequency graph of the equip- 
ment under test is drawn on the cathode-ray tube screen. The long- 
persistence screen permits the entire graph to be displayed for many 
seconds, 

The meeting was attended by two hundred fifty. 


PITTSBURGH 


R. T. Gabler, chairman, presided at the February 15 meeting of 
the Pittsburgh Section held at the Carnegie Institute of Technology. 
There were forty present. 

""Teledynamie Control by Selective Ionization and the Application 
to Radio Receivers” was the subject of a paper presented by C. N. 
Kimball of the license division laboratories of the Radio Corporation 
of America. A low-power self-rectified oscillator which may be tuned 
to about 200 ог 300 kiloeycles is operated from the regular alternating- 
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current power line. The radio-frequency output is transmitted through 
the wiring in the room or building to the receiver to be controlled. By 
means of a gaseous-discharge tube which requires no stand-by power, 
a relay may be operated to supply power to the receiver. The trans- 
mitter operates only when its plate is positive which is half the time. 
During the remainder of the alternating-current cycle when its plate 
is negative, it is inoperative. Similarly, by adjusting an alternating- 
current bias on the gaseous-discharge tube, it can be made to operate 
only on one half of the alternating-current cycle. Thus by reversing 
the alternating-current input to the oscillator, two channels are ob- 
tained for each transmission frequency. With two transmission fre- 
quencies and interlocking relays, ten control functions may be per- 
formed. А demonstration setup permitted turning the receiver on or 
off, inereasing or decreasing the volume output, and the selection of 
any one of six preset channels. The paper was discussed by Messrs. 
Gabler, Krause, Place, Shreve and others. 


SAN FRANCISCO 


A joint meeting of the San Francisco Sections of the Institute and 
the American Institute of Electrical Engineers was held in the Bell 
Telephone and Telegraph Company auditorium, on February 18. 
There were ninety-five present and В. О. Brosemer, chairman of the 
local American Institute of Electrical Engineers section, presided. 

A paper on “What Mathematics Has Done for the Communication 
Engineer” was presented by T. C. Fry, research mathematician of Bell 
Telephone Laboratories. In it, Dr. Fry stressed the improvements in 
long-distance telephony resulting from mathematical researches of the 
past quarter century. Vacuum-tube amplifiers make possible the trans- 
mission of useful quantities of electrical energy through great distance 
and the use of electrical networks, such as equalizers, regulators, and 
filters, permit the energy to produce intelligible sound. Improvements 
in electrical networks have been chiefly the result of mathematical 
research. The development of these networks from the early type of 
simple low-pass filter to the intricate band-pass filters using piezo- 
electric crystals as elements was outlined. 


SEATTLE 


On February 25 a meeting of the Seattle Section was held at the 
University of Washington with A. R. Taylor, chairman, presiding. 
There were one hundred fifty present. 

“Snow Statie” was the subject of a paper by Marcus O’Day, pro- 
fessor of electrical engineering at Reed College. Interference caused by 
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snow static in aircraft radio reception must be eliminated or greatly 
reduced to improve the reliability and safety of air travel. This form 
of interference was described and its effect on radio reception demon- 
strated by means of a static machine A detailed description of the 
research in a “flying laboratory” plane was given and illustrated by 
motion pictures. The problem appears to consist mainly in discharging 
the accumulated statie charge on the plane without corona. The best 
solution so far obtained is the use of a trailing wire connected to the 
plane through a suppressor resistor. Further reduction in noise was 
obtained by using an electrostatically shielded loop antenna for recep- 
tion. Such an antenna was demonstrated. 


TORONTO 


On February 14 the Toronto Section met at the University of 
Toronto with W. H. Kohl, chairman, presiding. There were seventy- 
one present. 

W. C. Little, regional engineer of the Canadian Broadcasting Cor- 
poration, presented a paper on “Technical Operations of the Canadian 
Broadcasting Corporation Network.” He pointed out that the first 
link between two stations in Canada was established in 1923 between 
stations in Montreal and Ottawa. In 1928, the first Canadian transcon- 
tinental chain came into existence. The Canadian Broadcasting Cor- 
poration is now using 7000 miles of wire lines and serves between 
thirty-five and seventy stations. Wire links are available with the Na- 
tional Broadcasting Company, the Columbia Broadcasting System, 
the Mutual Broadeasting System, and the Michigan Broadcasting 
Network in the United States. In addition, a high-frequency receiving 
station is maintained near Ottawa to pick up programs from the Brit- 
ish Broadcasting Corporation for rebroadcasting. This station uses 
rhombic antennas for reception. Descriptions were given of a number of 
stations, notably CBR at Vancouver, СВО at Ottawa, СВЕ at Mon- 
treal, and CBL at Toronto. Material was presented on the acoustical 
treatment of studios, types of antennas used, and the repeaters neces- 
sary in the long-wire circuits between stations. Uses are made of facili- 
ties supplied by two telegraph companies and a number of telephone 
systems. 


On February 22 a meeting was held jointly with the local section 
of the American Institute of Electrical Engineres at the University of 
Toronto. There were thirty-seven present, and Chairman Jones of the 
American Institute of Electrical Engineers Section presided. 

J. О. Perrine, associate editor of the Bell System Technical Journal, 
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presented a paper on “Waves, Words, and Wires.” A summary of 
this paper is given in the report on the February 24 meeting of the 
Montreal Section. 

WASHINGTON 


The Washington Section met on February 14 in the Potomac 
Electric Power Company auditorium. E. H. Rietzke, chairman, pre- 
sided and there were one hundred and twenty present. 

М.Р. Case of the Hazeltine Service Corporation presented a paper 
on *Modern Broadeast Receiver Design." In addition to discussing 
general design problems, considerable attention was given to various 
means of tuning receivers by remote control. The advantages and limi- 
tations of different methods were given. The paper was discussed by 
Messrs. Biser, Redington, Rietzke, Wallace and others. 


Personal Mention 


V. H. Fraenckel, formerly with the Electronic Tube Company, 
has joined the vaeuum-tube engineering department of the General 
Electric Company at Schenectady, N.Y. 


Alex Gorbunoff has joined the staff of Stromberg-Carlson Proprie- 
tary, Limited, of Sydney, Australia, having formerly been with See- 
burg Radio Corporation of Chicago. 


G. J. Maki is now in the engineering department of the National 
Broadeasting Company at Chicago, III. 


E. C. Miller of the National Broadcasting Company has been trans- 
ferred from New York to Hollywood, Calif. 


Previously with the Northern Electrice Company, G. E. Sarault 
has become chief engineer of CBF in Vercheres, Quebec. 


W. A. Shane has been transferred from CRCT to CBL at Hornby, 
Ontario, as assistant chief engineer. 


В. Е. Shea, formerly with Fada Radio and Electric Company is 
now a member of the radio engineering department of the General 
Electric Company, in Bridgeport, Conn. 


Formerly with the RCA Manufacturing Company at Camden, 
D. C. Trafton has become a radio engineer for the Army Air Corps, 
at Washington, D.C. 

Previously with Tropical Radio Telegraph Company at New Or- 
leans, L. P. Williams has become district manager for Mackay Radio 
and Telegraph Company in Boston, Mass. 
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Correction 


Karl G. Jansky, “Minimum Noise Levels Obtained on Short-Wave 
Radio Receiving Systems,” Proc. I.R.E., vol, 25, pp. 1517-1530; 
December, 1937. Page 1520, footnote 5. 


In line 1 of the note 
read “eighteen” for “fifteen” 


In line 6 


read “the 10,000-cycle effective band required for double side- 
band operation” for “5000-cycle band” 


In line 6 
read “40.8” for “43.8” 


In line 7 
read “ап 18" for “а 15" 


In line 9 
read “22.8” for “28.8” 


In line 11 
read *21.8" for *27.8" 
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TECHNICAL PAPERS 


THE DEVELOPMENTAL PROBLEMS AND OPERATING 
CHARACTERISTICS OF TWO NEW ULTRA-HIGH- 
FREQUENCY TRIODES* 


By 


WINFIELD G. WAGENER 
(Research and Engineering Department, RCA Manufacturing Company, Inc., Harrison, New Jersey) 


Summary—Large values of power are difficult to obtain in the ultra-high- 
frequency region. At the limiting frequencies it із increasingly more difficult to find 
vacuum tubes that will deliver such power and perform efficiently. The principal 
factors that affect the design and performance of the tubes are those involving the 
electrical circuit, the size requirements for the power desired, and the transit time 
of the electrons within the evacuated space of the tube. 

The design principles that result from a consideration of these factors have been 
used in the development of two new ultra-high-frequency triodes. A triode capable of 
delivering approximately 700 watts at 100 megacycles is described. This tube, which 
is cooled by water and air, is capable of operation as a neutralized power amplifier 
up to 200 megacycles with an output of approximately 500 watts. A second triode is 
described which is a radiation-cooled glass tube with a 300-шай plate-dissipation 
rating. Normal efficiency is obtained up to 40 megacycles and operation as a neu- 
tralized power amplifier is possible up to 100 megacycles. The efficiency at 100 mega- 
cycles is approximately 60 per cent. 


the higher frequencies in the region usually described as the 

ultra-high-frequency portion of the radio spectrum. These diffi- 
culties begin to be readily evident above 30 megacycles, approximately, 
or at wavelengths below 10 meters. In considering these difficulties, 
it will be more convenient to speak in terms of the wavelength because 
the wavelength figures can be easily grasped and the values are readily 
correlated to the possible sizes of electrical circuits and tubes. 

The problem of obtaining large power at very short wavelengths 
exists because the demands of three simple requirements can be made 
compatible only within limited conditions. In the first place, to gen- 
erate power at a very short wavelength the electrical circuits should 
be smaller than one wavelength. It follows that the vacuum tube must 
be even smaller than the complete electrical circuit, and, hence, should 
be quite small compared to a wavelength. However, a second require- 


[ ARGE output power is obtained only with increased difficulty at 


* Decimal classification: R330. Original manuscript received by the In- 
stitute, August 23, 1937. Presented before Silver Anniversary Convention, 
New York City, May 11, 1937. 
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ment follows that in order to generate large power the equipment 
must be of large size to handle such power. Thus, large clearances are 
required to avoid voltage breakdown; large conductors are required 
to carry the currents; large areas are required to dissipate the heat 
losses; and in the case of stored circulat ing energy in the resonant cir- 
cuits, a large volume of space is necessary. The third requirement is 
that the distance traveled by the electrons must be short in order that 
the time spent by an electron in flight from filament to grid and plate 


POWER OUTPUT -WATTS 


E 70 en Dost 
WAVELENGTH - METERS 


Fig. 1—Power output of vacuum-tube oscillators 

at short wavelengths. 
shall be a small part of the very short time period of a single ultra- 
high-frequency oscillation. Such close spacings are very difficult to 
obtain in tubes of any appreciable size. Thus, very short wavelengths 
require small tubes with close spacings, and large power requires large 
tubes. The extent to which these opposite demands are met in indi- 
vidual tubes depends on the purpose for which the tube was developed. 
The emphasis may have been placed on the power aspect, or on the 
limiting wavelength feature, or it may have been directed to the two 
simultaneously, in which case the manufacturing difficulties would 

probably have been considerably augmented. 
The degree to which this problem has been met today in commer- 
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cially available tubes of American manufacture can be seen in Fig. 1. 
Each solid curve shows the power output that can be obtained from a 
particular tube type operating as a self-excited oscillator at the limiting 
wavelengths. In the various power classifications are shown only tubes 
of the better types and those whose high-frequency performances have 
been published. 

The highest three curves, A, В, and С, represent water-cooled tubes 
of the negative-grid design, The broken line marking their envelope 
indicates the present location of the practical limit of such tubes. 
Curves D, E, F, б, and H are for air-cooled tubes of the negative-grid 
design. А second broken line indicates the present location of the prac- 
tical limit of this class of tubes. The lowest curve И is shown for com- 
pleteness and applies to a receiving tube whose performance would 
be extended to higher powers and also to lower wavelengths if it were 
rated as a power tube. 

As these curves show only power output as oscillators, several im- 
portant features are not evident. The curves give no idea of the tube 
efficiency or relative costs. Most important of all they do not indicate 
the frequency limit at which it is no longer possible to operate the 
tube as a power amplifier due to cireuit-eonstruction difficulties. 

To complete the picture of high-frequency power oscillators, some 
of the best published experimental results with tubes designed for the 
Barkhausen-Kurz oscillations and with magnetrons have been in- 
cluded. The broken line beginning with tube L is the present limit of 
the Barkhausen-Kurz type of tube as presented by C. E. Fay and A. L. 
Samuel.’ The various best experimental magnetron tubes are shown by 
crosses with a broken line to indicate their trend. The / tubes were 
deseribed by О. Pfetseher and W. Puhlman,? the J tubes by Grok, 
Kilgore,’ and the К tubes by E. G. Linder.* 

The magnetron and the Barkhausen-Kurz type of oscillation are 
known to be inherently poor in frequency stability. Even the conven- 
tional type of tube is unsatisfactory for most communication purposes 
when used alone as а self-oscillator. For all types of radio communica- 
tion it is necessary to vary the power output of the signals or make 

1 С, E. Fay and А. L. Samuel, “Vacuum tubes for generating frequencies 
МО, one hundred megacyeles,” Proc. 1.В.Е., vel. 23, pp. 199 212; March, 
P 2 0. Pfetscher and W. Puhlmann, “Uber Habann-Generatoren Grosser 
leistung für Ultrakurzwellen,” Hochfrequenztech. und Electroakusttk, vol. 47, 
pp. 105-115; April, (1936). 

3G. R. Kilgore, “Magnetron oscillators for the generation of frequencies 
NS 300 and 600 megacycles,” Proc. 1. К.Е., vol. 24, pp. 1140-1 157; August, 


Е. С. Linder, *Deseription and characteristics of the end-plate magne- 
tron,” Proc. I. К.Е, vol. 24. pp. 633-653; April, (1936). 
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some change in the signal constancy. It is very difficult to make such 
variations directly without severe reaction on the generator of the 
radio-frequency power. If this generator is a self-oscillator, it will re- 
act directly on the desired frequency of the oscillations. This fact has 
resulted in the general use of power amplifiers to obtain the frequency 
stability needed for radio communication. The need for power ampli- 
fiers and frequency control is even greater at the ultra-high frequencies. 

As a guide to future developments it is almost a basic fact that for 
communication purposes radio-frequency power must be generated 
by means of power amplifiers in which the frequency control is separate 
from the power stage and the modulating or signaling control. The 
only practical power amplifier known today is that employing the con- 


Fig. 2— Electrical cireuits resonant at 1.5 meters. 


ventional type of tube in which the signal is supplied to the isolated 
grid circuit and power is taken from the plate circuit. For this reason 
the present line of attack is to extend the use of conventional power 
amplifiers to higher and higher frequencies. 

As was noted earlier, the extension of the vacuum tube to higher 
frequencies brings in several considerations: the physical size as re- 
quired by the limiting wavelength of operation of the tube and its 
adjacent circuits, the physical size necessary for the power to be con- 
trolled, and the problems of electron behavior at such very high fre- 
quencies. 

The significance of the wavelength requirement with respect to the 
physical size of circuits can be seen readily by looking at Fig. 2. Three 
circuits resonant at 1.5 meters are shown. The coil-and-condenser 
circuit consists of 2} inches of wire and a quarter of the capacitance of 
the midget variable condenser. The transmission-line circuits on the 
other hand can bea half wavelength long, as in the case of the line open 
at two ends, or a quarter of a wavelength long with one end open 
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and one end closed. For 1.5 meters the formers is 29 inches long and the 
latter 14} inches long. Furthermore, the diameter of the line circuits 
can be varied freely with no effect on the total length. For instance 
the inner rod might be increased in diameter until the clearance to 
the outer tubing is the same as between the plates in the midget con- 
denser, but the lines would still be 29 and 14} inches long, respectively. 
It seems wise to avoid lumped-capacitanee and |umped-inductance 
effects and strive to attain distributed constants as in the transmission 
line. 

In tube design this means that the size of the lead and support 
members and the spacing between them should approach the size of 
the tube electrodes and the spacing between them. In this manner the 
tube can approach the ideal of being a section of a transmission line. 
The simple solution is complicated by the fact that the input and out- 
put circuits are not in themselves simple but often require irregularities 
such as the neutralization circuits or increased clearances to avoid 
voltage breakdown in air outside the tube. However, if the design of 
the leads and electrodes within the tube itself is made to approach a 
transmission line it will greatly assist the problem of building larger 
portions of the complete electrical circuits outside the tube. 

The requirements necessary for handling large electrical power in 
small physical sizes are well known. The insulation must be excellent, 
the current losses as low as possible, and the most effective means of 
cooling must be employed to dissipate the heat developed by the re- 
maining losses. The whole must be rugged with respect to temperature 
in order to permit the high temperatures necessary to transfer large 
amounts of heat. In a vacuum tube these general requirements must 
be met in addition to those peculiar to the basic electronic action of 
vacuum tubes. The cathode must maintain its emission in spite of the 
unusually severe ion and electron bombardment that ultra-high-fre- 
quency applications cause. The grid must almost touch the eathode 
and yet it must not emit primary electrons or be permitted to develop 
surface conditions favoring the emission of a large number of secondary 
electrons. The space-current electrons must be confined to their proper 
paths to the plate or damage to the tube will result. Finally, the whole 
action must not impair the maintenance of the vacuum. In a vacuum 
tube the parts must be held rigidly in space without support inside the 
active area of the electrodes. Insulation losses rise rapidly with tem- 
perature, inerease as the square of the voltage and increase rapidly 
with the frequency. Thus a struetural problem is presented in which the 
diffieulty of applying insulating supports is inereasingly greater at the 
very high frequencies. 
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A third requirement which is new in tube design is imposed by the 
time taken by an electron in transit from filament to grid and plate. 
Although the transit time may be only two thousandths of a millionth 
of a second it represents 4 of the time period of a 3-meter oscillation. 
This must be taken into account in the tube design. A considerable 
amount of work has been done to evaluate the effects of the time of 
transit of the electron in vacuum tubes,*5?. Unfortunately most of 
this work has been directed to the problem of the class A amplifier 
rather than that of the class C power amplifier. It is of value in indi- 
eating the type of effect to be found in the class C amplifier. However, 
in the latter case it does not give the correct magnitude and importance 
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Fig. 3 — Typical voltages and plate current in class C oscillators 
and power amplifiers at ultra-high frequencies. 


of the transit-time effects because the electron currents flow in inter- 
mittent pulses instead of the relatively steady streams found in the 
class A amplifier. 

The importance of the time of transit of an electron can be appre- 
ciated by looking at the curves of instantaneous values of plate volt- 
age, grid voltage, and plate current within a tube during a radio-fre- 
quency cycle as shown in Fig. 3. As the grid voltage swings positive, 
the eleetrons leave the filament in proportion to the grid voltage in the 
usual manner. Thus a pulse of electrons is released as indicated, in 
time phase with the grid voltage. The electrons must then be accel- 
erated under the action of the grid voltage from a standstill at the 
filament to a finite velocity as they shoot through the grid mesh into 

* W. В. Ferris, “Input resistance of vacuum tubes as ultra-high frequency 
amplifiers,” Proc. Г.К.Е., vol. 24, pp. 82-107; January, (1936). 

* D. О. North, “Analysis of the effects of space charge on grid impedance," 
Proc. I. R.E., vol. 24, pp. 108-136; January, (1936). 


7F. B. Llewellyn, “Notes on vacuum tube electronics at ultra-high fre- 
quencies,” Proc. 1.R.E., vol. 23, p. 112; February, (1935). 
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the field of the plate voltage. The flight across to the plate is made 
more quickly because of the finite velocity on leaving the grid, and 
because of the action of the somewhat higher plate voltage in sustaining 
or increasing this velocity. But, due to the relatively long time neces- 
sary to accomplish this acceleration and movement, the electrons ar- 
rive at the plate considerably later in the radio-frequency cycle as 
indicated. 

In a conventional oscillator it is practically impossible to shift 
the phase of the plate voltage with respect to the grid voltage. This 
follows logically from the fact that the radio-frequency grid and plate 
voltages are obtained directly from the same resonant circuit. It can 
be seen easily from Fig. 3 that the electrons do not arrive at the plate 
when the plate voltage swings down to low values. Actually they ar- 
rive later when the plate voltage has risen to large values. The energy 
given up by the electrons at the plate is the total of the work «lone on 
them by the voltages present while they are in flight. In this case it is 
represented closely by the voltage of the plate at the time of arrival. | 
Thus it can be seen that the electrons strike the plate with high energy 
and cause excessive losses which result in lower plate-circuit efficiency. 

In the power amplifier it is fortunate that due to the separation of 
the output and input circuits the phase of the plate voltage can be ad- 
justed independently of the applied grid voltage. The down swing of 
the plate voltage to low values can be shifted so that the electrons in 
their flight to the plate are acted on by lower voltages and thus strike 
the plate with much less energy. The plate loss is thus made lower and 
approaches that of a low-frequency power amplifier. That the plate 
loss is not as low is due to the presence of the electrons in the grid-to- 
plate space for a larger fraction of the radio-frequency cycle. Because 
the plate voltage becomes rapidly higher each side of its minimum 
down-swing value, the total energy delivered to the electrons is greater. 
Thus, the action is similar to low-frequency operation in which the 
current pulse is permitted to flow for a greater portion of the cycle. 

This falling off of plate-circuit efficiency with transit time for oscil- 
lators or power amplifiers follows a definite generalized curve repro- 
duced in Fig. 4. The index of transit time used is the calculated time 
expressed as a portion of a radio-frequency cycle that an electron 
requires to travel from filament to grid under the action of the peak 
grid voltage. As this time represents by far the greater fraction of the 
total time of flight to the plate and is something definite and calculable 
it was chosen for the purpose. The portion of the cycle represented by 
this transit time сап be considered as an angle of 0 degrees, where the 
full period is 360 degrees. Fig. 4 shows that the output of an oseillator 
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falls to zero when 6 becomes 60 degrees, or 3 of the time period of the 
radio-frequency cycle. The case of the power amplifier is quite inter- 
esting, however, and indicates that much better efficiency can be ob- 
tained. Наей of the RCA Radiotron research and engineering de- 
partment was among the first to point out this difference between 
power amplifiers and oscillators and he has given the approximate 
location of the power-amplifier curve. The better efficiency and greater 
output of tubes acting as power amplifiers gives additional hope of 
breaking through the oscillator limiting lines of Fig. 1 whieh seem to 
form the present practical limit of power obtainable at ultra-short 
wavelengths. 
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Fig. 4—Changes in plate-circuit efficiency as a result 
of electron-transit time. 


Another cause of low output in transmitting tubes at very high fre- 
quencies is the opportunity that some electrons have to stray out of 
the filament-plate region. These electrons shoot out of the open ends 
of the plate and take a circuitous path hefore they arrive back at the 
plate again. On the way they are very apt to bombard the glass bulb 
walls and release secondary electrons. The secondaries return to the 
plate in their stead. Obviously these paths require long transit times. 
The effect of such long transit-time electrons and bulb effects is to 
destroy the desired shape of the plate-eurrent pulse and make it much 
less efficient. Fig. 5 shows the probable appearance of such a pulse with 
a tail of long transit-time electrons. For comparison the same pulse is 
shown as it would appear if such electrons were not allowed to stray 
off the beaten path. The pulses are drawn to have the same direct- 
current component. But note that the alternating-eurrent fundamental 

Н. C, Thompson, О. S. Patent No. 2,035,003. M. Benjamin, C. W. Cos- 


grove, and С. W. Warren, “Modern receiving valves: Design and manufacture, ” 
Jour. I .E.E., vol. 80, pp. 401-439; April, (1937). 
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component is much reduced. The output of the tube for the same input 
will then be reduced to about 75 per cent and the resulting overheating 
of the tube and bombardment of parts other than the plate may re- 
duce its useful life very considerably. 

The realization of the importance of these design requirements has 
aided greatly in the development of new tubes for ultra-high fre- 
quencies. These principles have been incorporated in a new triode, the 
RCA type 888. It is a small water-cooled triode whose size has been 
reduced as much as possible consistent with the power desired. The 
close spacing of the electrodes has been attained to make the perform- | 
ance consistent with the wavelengths at which resonant circuits may 
be built around the tube?:!?, The tube is pictured in Fig. 6 complete with 


SIMPLE 
PLATC-CURRENT PULSE 


PLATE -CURRENT PULSE 
“ж\н LONG TRANSIT TIME TAIL 


SIMPLE 
PULSE ~ 
PULSE WITH TAIL 


RELATIVE VALUES 


i ac \ 
FUNDAMENTALS O Re ee ee ee ee 


Fig. 5—Probable distortion of a pulse of plate current due 
to long-transient-time electrons. 


water jacket. A sectional cut of the tube shows the internal structure. 
The tentative ratings for class C telegraphy for the RCA-888 follow: 


Filament voltage. 11.0 volts 

Filament current... 24.0 amperes 
Amplification factor. . 

Direct plate voltage 3000 volts, maximum 

Direct grid voltage. . —500 volts, maximum 

Direct plate current 400 milliamperes, maximum 
Direct grid current 100 milliamperes, maximum 
Plate input. ... 1200 watts, maximum 

Plate dissipation. . . . . 1000 watts, maximum 


A companion tube, the RCA-887, has also been developed which has 
an amplification factor of 10. 

The size and arrangement of the parts of the tube permit the con- 
struction of electrical circuits for wavelengths of the order of 1.25 
meters. The total length of the grid structure out to a point of external 
contact is about 1/10 of a meter. The full length from the top of the 
filament to the outside lead is also about 1/10 of a meter. In each case 
the leads are essentially a continuation of the electrode itself. The 

9], Е. Mouromtseff and Н. V. Noble, “A new type of ultra-short-wave 
oscillator,” Proc. I.R.E., vol. 20, рр. 1328-1344; August, (1932). 


10 John Liston, *Developments in the electrical industry during 1933," Gen. 
Elec. Rev., vol. 37, p. 37. 
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diameter of the enclosing glass cylinders has been kept very small in 
order that the inductance of the leads will be small due to their proxim- 
ity to the outside circuit. The contact to the plate may be made di- 


Fig. 6—RCA type 888, complete tube and sectional cut of tube alone. 


rectly without considering lead length since it is part of the outside 
envelope of the tube. The water jacket is soldered solidly to the plate 
and is an integral part of the tube. Thus, each electrode and its lead 
are fairly close to the ideal arrangement, a section of a transmission- 
line circuit. 
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The copper plate, though it is only one inch long and less than an 
inch in diameter, will dissipate one kilowatt easily due to the water- 
cooling. The cathode is a pure tungsten filament, which is the most 
rugged emitter known, and the grid is of tantalum. No internal sup- 
porting insulation is employed and the filament and grid are self- 
supporting. The glass portion of the envelope thus becomes the only 
insulation. In order for the tube to withstand continuous operation at 
full input and full voltage in the neighborhood of 1.25 meters, the glass 
has to be shielded both internally and externally to avoid the forma- 
tion of strong voltage gradients. In meeting the requirement of low 
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Fig. 7—High-trequency performance and input ratings of RCA type 888. 


inductance in the leads, large diameter leads were employed, which 
also provide sufficient surface area to carry the heavy charging cur- 
rents. 

The electronic requirements with respect to transit time have been 
met by allowing only 0.060 inch clearance between the grid and the 
filament and 0.090 inch between grid and plate. No electrons can escape 
from the filament to plate region because the ends of the anode are 
essentially closed by means of the low-potential solid ends of the grid 
and filament. If an electron should slip past the solid ends of the grid 
or filament, it will meet a strong directing field produced by the ex- 
tensions of the plate and will be drawn quickly to them. 

In Fig. 7 the high-frequency rating and performance curves are 
shown as a function of frequency. These curves check the general- 
efficiency-versus-transit-angle curves shown in Fig. 4. The power- 
amplifier curve has been tested only to 1.5 meters. The design of the 
circuits becomes the principal problem in this region, and it is felt 
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that with time and more demand circuits ean be built to develop the 
latent possibilities of this tube as a power amplifier down to one meter 
and below. 

Fig. 8 shows a laboratory push-pull oscillator employing two of 
these tubes on 3.3 meters. 1100 watts of power is being dissipated in the 
bank of eight 300-watt lamps. 


Fig. 8—90-megacycle (3.3-meter) push-pull oscillator 
employing two RCA-888’s. 

These same design principles have also been applied to a 300-watt 
air-cooled triode, the RCA type 833. It demonstrates again the benefit 
to be derived from proper high-frequency design. Fig. 9 is a photograph 
of the completed tube, and of the unique filament base and mount 
assembly". The mount carrying the filament and grid structures is built 
directly on theffilament lead posts. Those posts are sealed directly 
into a^molded'glass dish or flare’. The plate is of tantalum and is self- 
supporting from its short and rugged lead post. The only internal sup- 
porting insulation is between grid and filament and this is designed to 
have a sufficiently long leakage path for the low radio-frequency 

пр. K. Wright, “New design of high-wattage incandescent lamps," Gen. 
Elec. Rev., vol. 35, pp. 532-534. 


2 Howard Scott, “Recent developments in metals sealing into glass", Jour. 
Frank. Inst. vol. 220, pp. 733-754, (1935). 
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voltage present. The grid lead is brought out the top of the tube after 
the molded flare is sealed to the bulb. This eonstruetion permits the 
shortest possible electrode leads consistent with permissible tempera- 
tures of the glass seals. The over-all length of the tube is 83 inches. 


Fig. 9—RCA type 833 and mount assembly before sealing into bulb. 


The tentative ratings of the RCA-833 for class C telegraphy are 
as follows: 


Filament voltage . 10.0 volts 

Filament current а 10.0 amperes 
Amplification factor.. . х 35 

Direct plate voltage 3000 volts, maximum 

Direct grid voltage... . —500 volts, maximum 

Direct plate current . . 500 milliamperes, maximum 
Direct grid current . 75 milliamperes, maximum 
Plate input...... 1250 watts, maximum 

Plate dissipation. . : 300 watts, maximum 


Fig. 10 shows the high-frequeney performance and rating curves 
for the RCA-833. Normal efficiency ean be maintained easily up to 40 
and 50 megacycles. Operation as a neutralized power amplifier at 90 
megacycles (3.3 meters) has been obtained. The plate-circuit efficiency 
obtained at the 90-megacyele test was 60 per cent, a rather high value 
for an air-cooled tube at such frequencies. 
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The oscillator output curves of the RCA-887 and RCA-833 are 
reproduced as curves C and D of Fig. 1. The water-cooled tube is thus 
seen to extend the lower portion of this group of tubes into shorter wave- 
lengths, and the tube offers the added advantage of permitting the con- 
struction of neutralized power-amplifier circuits in a large region not 
penetrated by other tubes of comparable or greater size. The air-cooled 
tube extends its group upward as an oscillator about fourfold. As a 
power amplifier it offers efficient amplification with proportionally in- 
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Fig. 10—High-frequency performance and input 
ratings of RCA type 833. 


creased outputs in a very active portion of the ultra-short-wave 
spectrum. The design of these two new tubes is based to a large degree 
on the technique of modern large-lamp and vacuum-tube construction. 
The improvement that these tubes offer lies in the extension of design 
principles to meet the ultra-high-frequency requirements and in the 
solution of the constructional difficulties introduced by the need for 
small size and close spacings. 
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CONSTANTS OF FIXED ANTENNAS ON AIRCRAFT* 


By 
СковсЕ L. HALLER 
(War Department, Aircraft Radio Laboratory, Wright Field, Dayton, Ohio 


Summary——This paper presents the resistance and reactance characteristics of 
various fized antennas on two types of modern aircraft, one a two-place low-wing 
metal military airplane of the attack type and the other a large mid-wing metal 
military airplane of the bombardment type, whose dimensions are comparable to 
those of modern commercial transport airplanes. А frequency range of from three to 
eight megacycles is covered in all cases and in some cases this range is extended. A de- 
scription of the measuring equipment and method is included. 


aircraft transmitters into the antennas with which they were to 

be used it was found necessary to have complete information on 
the resistive and reactive constants. The available literature had ref- 
erences to measurements on trailing-wire antennas at frequencies 
under three megacycles,! and while some installations still use trail- 
ing-wire antennas, the trend is toward higher frequencies and fixed 
antennas which do not require any manipulation on the part of the 
crew. 

Several methods were employed in trials to determine suitable 
equipment for rapid and accurate measurements. The bridge method 
was discarded due to difficulties in obtaining an aural balance in a 
noisy airplane and due to the inaccuracies of available bridges at the 
higher radio frequencies. The resistance-substitution method was dis- 
carded due to the resistance and frequency range to be covered. The 
equipment finally selected was a commercially available “Q meter”? 
with a frequency range adequate for this investigation. This instru- 
ment consists basically of a radio-frequency oscillator supplying 
power to a 0.04-ohm resistor which is in series with a tuned circuit. A 
self-contained vacuum-tube voltmeter measures the step-up voltage 
of the circuit. This voltmeter is calibrated directly in Q, (X/R) and by 
measuring the Q before and after connecting the antenna in parallel 
with the tuned circuit, the Q of the antenna can be calculated from 
the following formula: 


e AN investigation concerning the power delivered by various 


со €; (Qı х Q) 
Qa 1 
: CQ. — ©) и 


* Decimal classification: R525. Original manuscript received by the Insti- 
tute, November 24, 1937. 
L. A. Hyland, “The constants of aircraft trailing antennas,” Proc. I.R.E., 
vol. 17, рр. 2230-2241; December, (1929). 
з Boonton Radio Corporation, Q meter, Type 100-A. 
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where the subscript 1 indicates values at circuit resonance before the 
unknown antenna is connected and the subscript 2 indicates values 
at circuit resonance after the antenna has been connected. The react- 
ance of the antenna is obtained directly as capacitance or inductance 
(negative capacitance) necessary to retune the circuit to resonance as 
above. In use a tapped coil is convenient for adjusting the induetive 
values, and hence the capacitive values, to usable magnitudes. From 
the values of Q and X the resistance сап be ealeulated from the for- 
mula 


Ee 2 
=a. (2) 


When approaching the quarter-wave resonance region of the antenna 
where the reactance is approaching zero, better readings can be ob- 
tained if а small condenser of known capacitance and resistance is in- 
serted in series with the antenna. 

The Q meter was mounted with shockproof mountings on a base 
which contained a dynamotor for furnishing a 110-volt alternating- 
current supply to the Q meter from the ship’s 12-volt direct-current 
supply. Readings of frequency, resonating capacitance before and 
after the antenna was connected, and corresponding Q values were 
recorded during a flight and the characteristics were then calculated 
later. In this manner one antenna could be measured in from fifteen 
to twenty minutes of time in the air. 

The reactance and resistance curves are plotted on a special log- 
log graph paper which has a departure from true logarithmie ordi- 
nates in that there is a small seetion which contains a zero line so 
that the quarter-wave resonance can be shown. There are three loga- 
rithmic cycles above and three below this zero line. In the lower three 
cycles the negative reactance (capacitive) is plotted while in the upper 
three cycles the positive reactance (inductive) and resistance are 
plotted. 

Fig. 1 shows a rear view of a modern military airplane of the 
“attack” type. This all-metal low-wing monoplane has a wing spread 
of 48 feet and is 32 feet long. The lead-in insulator is on the right side 
of the airplane just forward of the rear cockpit cover and all antennas 
on this airplane were measured with the lead-in in this position. Figs. 
2 to 5 inclusive show characteristics of various antennas installed on 
this airplane. All antennas were constructed with copper-clad steel 
wire 0.040 inch in diameter. The measurements were made with the 
airplane in flight at various altitudes from 2000 to 10,000 feet except 
as noted in Fig. 5. 
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Fig. 2 shows the characteristics of an antenna comprising a wire 
running from the lead-in insulator to the top of the mast (a distance of 
6 feet) and thence to the vertical fin in the rear (a distance of 12 


feet). 
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Fig. 2—Characteristies of front-to- 
rear antenna on "attack" tvpe 
of airplane. 


FREQUENCY - MEGACYCLES 


Fig. 3— Characteristics of wing-tip- 
to-wing-tip antenna on "attack" 
фуре of airplane. 


Fig. 3 shows the characteristics of an antenna comprising à wire 


running from an anchor near one wing tip over the mast to an anchor 
on the other wing tip. The length of this antenna is 41 feet and 4 
inches, and the lead-in from the top of the mast to the airplane is 6 
feet long. 
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Fig. 4 shows the characteristics of an antenna comprising a wire 
running from one wing tip to the rear vertical fin and thence to 
the other wing tip, with the lead-in near the center of the antenna at 
the vertical fin. The length of this antenna is 48 feet and that of the 
lead-in, 11 feet. 

Fig. 5 shows the characteristies of an antenna very similar to that 
of Fig. 4 except that the lead-in is connected to the antenna at a point 
approximately midway on one side. The length of this lead-in is 9 
feet and 5 inches. This figure also shows the difference between meas- 
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with lead-in from rear on “at- with lead-in to center of one side 
tack" type of airplane. on "attack" type of airplane. 


urements of the characteristies on the ground and in flight. It is inter- 
esting to note that while the resistance is different in the two cases, 
especially at the lower frequencies, the reactance curves are coinci- 
dent. This characteristic helps in that the radio transmitter may be 
tuned to the antenna on the ground and little if any readjustment will 
be required when the airplane is in flight. 

Fig. 6 shows a front view of a military airplane of the *bombard- 
ment" type. This all-metal mid-wing monoplane has a wing spread of 
90 feet and is 57 feet long, dimensions which are comparable to the 
modern commercial trausport airplanes. The lead-in insulator is on 
the roof of the eabin and all antennas were measured from this posi- 
tion. Figs. 7 to 9 inclusive are characteristics of antennas installed on 
this airplane. 
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Fig. 7 shows the characteristics of an antenna 26 feet long running 
from the vertical fin in the rear to a small mast over the cabin with a 
lead-in from this point 2 feet 6 inches long. 


Fig. G—Three-quarter front view of “bombardment” 
type of airplane. 


Fig. 8 shows the characteristics of an antenna 71 feet long, run- 
ning from near the tip of one wing over a short mast to a similar point 
on the other wing. A lead-in 4 feet 9 inches long is fastened to the 
center of the antenna. 
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Fig. 7—Characteristies of front-to- 
rear antenna on “bombardment” 
type of airplane. 


Fig. 8—Characteristics of wing-tip- 
to-wing-tip antenna on “Бот- 
bardment” type of airplane. 


Fig. 9 shows the characteristics of an antenna which consists of a 
wire from a small mast near the front of the airplane to the vertical 
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fin (a distanee of 34 feet) and wires from this point to each wing tip. 
These sections are broken by an insulator so that the antenna length 
of these wires is 26 feet, 6 inches each. The lead-in is taken off near 
the front mast, and is 3 feet 5 inches long. This antenna was especially 
designed to work at 3105 kiloeyeles, the air alert frequency of the 
Department of Commerce. The transmitter which was to be used 
would not work well into an inductive load near a quarter wavelength 
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Fig. 9—Characteristies of V antenna with lead-in from rear 
on “bombardment” type of airplane. 


so the length of the antenna was adjusted so that resonance was ob- 
tained at 3200-kiloeycles. It is interesting to note that at 3105 kilo- 
cycles the resistance of this antenna is approximately 2} ohms as com- 
pared to approximately 1 ohm for the other antennas on this airplane. 

It will be seen from these curves that antennas for aireraft are а 
real problem. If a band of frequencies are to be covered as is required 
in military airplanes, the transmitter must have very flexible antenna- 
coupling facilities and must be able to work into very low resistances 
over portions of the band. 
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DIRECT MEASUREMENT OF THE LOSS CONDUCTANCE 
OF CONDENSERS AT HIGH FREQUENCIES* 


By 
М. BoELLA 


(Regio Istituto Elettrotecnico e delle Comunicazioni della Marina, Livorno, Italy) 


Summary—A method of measuring the losses of a variable air condenser al 
high frequencies 18 described in which the condenser under test and the standard 
are connected in series as рагі of а tuned circuit. A radio-frequency voltage of resonant 
frequency is impressed on this circuit for a stated value of the standard. The un- 
known 13 then removed and the standard adjusted lo resonance. The voltage across the 
tuned circuit is readjusted to its initial value by placing a conductance across the 
standard, The design of the standard condenser requires special considerations which 
are discussed. А self-biasing valve voltmeter, which is not critical to variations in 
power-supply voltage, is used. The results of measurements on several specimen 
condensers are given. A method of extending the measurements to higher frequencies 
is shown. 


І. OBJECT oF THE RESEARCH 


OR THE measurement of the angle of loss of condensers by the 
Е normal methods of substitution, it is necessary to prepare a 
standard condenser having zero or, at least, a known loss. When 
it is used at a relatively low radio frequeney and with condensers having 
relatively large losses, it is permissible to suppose that an air condenser 
presents no losses other than those in the insulators supporting the 
rotor. Therefore, one may imagine an air condenser consisting of a pure 
variable capacitance across which there is a resistance which is a func- 
tion of the frequency and not of the capacitance. On the other hand, 
at higher frequencies and for the measurement of small angles of loss 
one cannot ignore the losses in the metal parts of variable air con- 
densers, which may conveniently be represented by a resistance placed 
in series with the condenser! and which in general varies with the 
capacitance because the utilized area of the rotor varies with it. To 
determine the existence of such losses and to decide between what 
limits it is permissible to neglect them, a variation of the classical sub- 
stitution method was studied. It is not necessary in this method to take 
into account the series resistance which represents the metallic losses 
* Decimal classification: R220 X R241.3. Original manuscript received by 
the Institute, August 10, 1937; revised manuscript received by the Institute, 
November 3, 1937. 
1 R. Е Field and D. B. Sinclair, “A method of determining the residual 


iuduetance and resistance of a variable air condenser at radio frequencies, " 
Proc. 1.В.Е., vol. 24, pp. 255-274; February, (1936). 
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in the standard condenser, in the same way that, with the ordinary 
methods, one takes no account of the parallel resistance which repre- 
sents the loss in the rotor supports. 


П. PRINCIPLE OF THE METHOD OF MEASUREMENT 


The circuit showing the principle of the method is given in Fig. 1. 
The condenser under test C, (with its loss conductance G, in parallel) 
and the standard condenser C, are placed in series and connected to 
an oscillatory cireuit LC fed by a radio-frequency generator. The con- 
denser C, consists of two parallel plane disks, the capacitance being 
varied by altering the distance between them; in this way the high- 
frequency resistance Ко of the plates may be kept constant although 
the capacitance is varied, since the current distribution in the plates 


Re Во 


Fig. 1—Schematic diagram of the Fig. 2—Equivalent schematic dia- 
measuring circuit. gram of the effective circuit. 


does not change with their spacing. К. is the resistance of the connec- 
tions and the conductance Со represents the losses in the supporting 
insulation which is in the electric field of the condenser. 

For the measurement, the circuit is tuned by means of the con- 
denser C, for a stated value Co, of the condenser Co. С, is then re- 
moved, the tuning is readjusted by setting Со to a new value Co, 
and, finally, the potential across the tuned circuit is adjusted to the 
initial value by placing a suitable value of conductance G across the 
condenser Co. We then have 


a 0) 
Со E Coi Cy 
: C Р Co +. 
в + б = 6, (1 )+в. (< ). (2) 
01 Cg 


The second relation is obtained by equalizing the power lost in the 
circuit in the two conditions (putting G.«eC., GKwCo2) and consider- 
ing that no account is taken of Rz, R., ог Ro, because the currents which 
pass through them remain identical in the two cases. 
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From (2) we obtain 


e e (се) +001 (+o) os cs) 
i Ce SENCE CePA о 


from which, by reason of (1), 


CENS 1 1 
G: - G ( ) T С.С. ( + ) 
( 0? ( 02 Ca 


and again, for the same reason, 


G -a(“)+e (1+2 =) (3) 
ry > "m 10 C. а . 


The correction term in Go ean assume importance for the higher 
values of С./Со, wh'eh is rather unfortunate since the effective value 
of Со is determinable only in а somewhat uncertain manner. There 
exists a remedy for this in the type of construction successfully adopted 
for the condenser Со; i.e., by supporting the plates by means of sepa- 
rate insulating supports attached to a grounded metal frame. In this 
way parts of the insulating material are not directly interposed in the 
electric field between the plates of the condenser; the equivalent circuit 
becomes that of Fig. 2, in which the conductances Со and Go” repre- 
sent, respectively, the losses in the insulating supports of the two plates. 
G” does not enter into the caleulations, because it becomes a part of 
the constant losses in the circuit, while Со’ only enters in the first part 
of the measurement when it is in parallel with G., so that (3) must be 


modified as follows: 
С“: 
Gz = G = Со’. Зз” 
к e) 


02 


The multiplying term (1+2 C./Co1), which may assume values 
much greater then 1, having disappeared, Go’ represents а correction 
which is generally negligible, and moreover is constant. It is of little 
importance in checking the losses caused by the variation in capaci- 
tance since it affects the residual losses only.” 


ПГ. THE STANDARD CONDENSER 


In Fig. 3 is shown the construction of the standard condenser Co. 
The two plates are 10 centimeters in diameter, made of brass accurately 
machined and electrically gilded; the lower fixed plate (1) is supported 

2 The hypothesis, implicitly admitted in the preceding treatment, that air 
may be considered as a loss-free dielectric, appears to be generally accepted and 


tests, within the limits of approximation, have confirmed this in the case of dry 
air. 
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by three quartz pillars (2) which are themselves supported on three 
leveling screws mounted on the metal base plate (3); the upper plate, 
which is movable (4.5-millimeter motion) by means of a screw 
mechanism (5), is supported from the base plate and rigidly fixed to it 
by means of three metal pillars (6) and eylindrieal ebonite insulators 
(7) inside bell-shaped screening caps. The fixed plate must be connected 
to the condenser under test C. (Vig. 2) while the movable plate is con- 
nected to the oscillating circuit. G” represents the losses in the 


Fig. 3-- The standard condenser. 


ebonite insulators (7) and Со’ that of the three pillars (2) which are 
best made long and thin so that the losses in them are a minimum. 

Between the dial and the movable plate an insulating piece (8) 
must be inserted and the dial must be earthed to avoid hand-capaci- 
tance effects. The three leveling serews permit the lower plate to be 
adjusted to be perfectly parallel to the movable one. This adjustment 
is made easily and very accurately by looking between the plates when 
they are almost touching. The metallie bell-shaped caps on the tops 
of the quartz pillars remove them still farther from the electric field 
between the two plates. It appears however that such а precaution 
may be superfluous. 

The determination of the capacitance of the condenser has been 
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effected for various values of the distance between the plates by the 
classical method used for the determination of the interelectrode 
capacitances of triodes; also in this case there is, in fact, a system of 
three capacitances: Co the direct capacitance between the plates, and 
Co’ and Co”, the capacitances between the fixed and movable plates with 
respect to the screen. With three measurements, either by substitu- 
tion or bridge means, there may be determined, by short-circuiting 
each of the three capacitances in turn, the three values of the sums of 
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Fig. 4 —Calibration eurve of the standard condenser. 


the remaining two unknowns in each ease. Thus we have three equa- 
tions from which the three capacitances are obtainable. 

In Fig. 4 are shown the results of the measurements as an inverse 
function of the distance between the plates. The graph, for values of d 
between approximately 1 and 4 millimeters, is practically linear. 

The capacitance C," is of no interest since it is always in parallel 
with the tuning capacitance of the oscillating circuit, while Co’ must 
be summed іп (3) with the capacitance C.. It should be noted that 


Fig. 5 Simplified sehematie diagram of the measuring circuit. 
g I 


Co” remains practically constant in spite of the movement of the upper 
plate, because of the smallness of the movement and the location of 
piece (5) whieh has a partial sereening effect between the upper plate 
and the screen. 


IV. MEASURING CincuiT SCHEMATIC AND APPARATUS 


In Fig. 5 is shown the basic circuit of the measuring arrangement. 
The radio-frequeney generator induces a constant electromotive force 
in the oscillating cireuit and the equality of the losses under the two 
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measuring conditions, i.e., with and without the condenser C, under 
test and with the comparison resistance R of suitable value, is verified 
by making the potential at the top of the oscillating cireuit equal as 
measured by the valve voltmeter V. The resistance Г is connected 
across the capacitive potential divider С.С. so that a lower value of 
resistance may be used and thus permit the use of a resistor, the radio- 
frequency value of which may be equal to its direet-current resistance. 
With the two values of capacitance (about 50 and 500X 10-1 farads; 
[12-C,/C,]* - 122.5) adopted for the actual measurements, Siemens 
karbowid l-watt resistors were used having values between 20,000 
and 150,000 ohms. Comparison is effected by interpolation, which is 


*120V 


Fig. 6— Detailed schematic diagram of the circuit. 


simplified by the linear characteristics of the apparatus, the curve for 
which should be arranged with voltmeter readings as the abscissas 
and the corresponding values of conductance as ordinates. 

The eapacitive potential divider should be arranged as close as 
possible to the condensers Со and C., in order to avoid any possibility 
of the total potential across Co and С. exceeding that across C, and С» 
which might result from the inductive reactance of the connecting 
leads and thus increase the measured losses. The point at which the 
voltmeter is connected is unimportant. 

The valve voltineter gives the peak value of the voltage and is of 
the polarized diode type, with direct-eurrent triode amplification fol- 
lowing the diode, as shown in Fig. 6, which gives the complete circuit 
in detail. The polarizing voltage is furnished by the radio-frequency 
generator itself by means of a diode rectifier. This is an important 

з M. Boella, “Sul comportamento alle alte frequenze di alcuni tipi di re- 
sistenze elevate usate nei radiocircuiti" (On the behavior, at high frequencies, 
of some types of high resistances in use in radio circuits), Alta Frequenza, vol. 3, 
p. 132; April (1934). 


Puckle, “The behaviour of high resistances at high frequencies," 
Wireless Eng., vol. 12, p. 303; June, (1935). 
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feature and avoids instability caused by radio-frequency-voltage varia- 
tions and reduces the effects of supply-voltage fluctuations. 

The radio-frequency generator is a well-screened push-pull oscil- 
lator. It is a convenient practice to place an electrostatic shield between 
the generator circuit and the small coupling coil in the measurement 
circuit to avoid serious troubles caused by capacitive coupling. Har- 
monies in the output of the oscillator may cause serious errors and must 
be guarded against. 


Fig. 7—Standard condenser within the screening box. 


Also the two 10,000-ohm resistors between the two diode cathodes 
of the voltmeter are put there to avoid any capacitive coupling between 
the generator and the circuit through the interelectrode capacitance of 
the diodes. 

The standard condenser Со must be completely screened, since 
even a small leakage of energy may cause noticeable errors in measure- 
ment. The results of measurements of a given condenser with various 
values of the initial distance between the plates of the standard con- 
denser, i.e., with different values for Co, are not identical under condi- 
tions of poor shielding. 

The screen used for the condenser is shown in Fig. 7 and consists of 
a copper box, 16X 18X 16 centimeters, with two holes in the side for 
the connections. The insulation of the lead to the lower fixed plate of 


428 Roella: Condenser Losses at High Frequencies 


the condenser С; under test, should contribute a minimum of loss and 
the capacitance of the lead to the sereen should also be kept as low as 
possible. The losses in this insulator whieh in this ease was a thin 
hipertrolitul disk add to those of the three supports of the fixed plates, 
the effect of which has already been discussed. The arrangement of the 
second lead which connects the movable plate to the circuit is of no 
importance, since the losses cannot influence the results of the measure- 
ments but only add to the constant losses in the circuit. 

Care must be taken that the parts of the sereen make good contact, 
otherwise even small variations in the losses in the screen will make the 
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Fig. 8— Illustrating the effect of connections in testing a variable condenser. 
(a) incorrect connection, (b) correct connection. 


voltmeter readings unstable rendering measurement impossible; the use 
of a well-soldered brass or copper box is recommended. 

As a result of the sereening of the condenser Со it is possible to 
obtain results constant to within +2 per cent no matter how the 
initial distanee d between the plates may vary. 

For the switeh which connects the condenser under test into the 
circuit, two mereury-filled copper pots are used. They are connected to 
the condenser by short leads or directly mounted on it. A small eylinder 
of copper having a flexible lead a few centimeters long soldered to its 
end is immersed in the mereury. The pieces should be cleaned ocea- 
sionally with nitrie acid so as to become amalgamated. This system 
gives a satisfactory contact and is convenient. The connections between 
a pot and the termination on the condenser must be identical, so that 
the impedance of the connection will be constant, whether the con- 
denser is in cireuit or not. It is, moreover, of the greatest importance 
that each of the two connections between the condenser under test 
and the circuit shall leave the condenser at the same point as that to 
which the pot is connected. In order to give an idea of the effect which 
these matters have on the suecess of the measurements it is well to 
explain more fully the effects obtained with one of the experimental 
variable air eondensers. 

In this eondenser the plates are supported between rectangular 
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isolantite plates; at the center of one of these is fixed, by means of 
three screws 1, 2, and 3, as is shown in Fig. 8, a small triangular metal 
plate, on which the spindle'of the rotor makes contact by friction. The 
mercury pots were fixed to one of these screws (1) and under one of the 
nuts, 4 or 5, fastening the supports for the stator of the condenser. The 


Fig. 9—Condenser No. 1. Fig. 10—Condenser No. 2. 


Fig. 11—-Condenser No. 3 


connection which joins the rotor to the oscillatory circuit was, at first, 
as shown at a and was placed under screw 2. The resulting values of 
loss angle at 4200 КПосусез were notably smaller (one half for the 
maximum value of the capacitance) than those obtained afterwards 
with the correct connection b. The error is caused by the resistance 
between the points 1 and 2 of the metal end plate which remains in the 
eireuit when the condenser is excluded. 


V. REsULTS OF MEASUREMENTS ON SOME VaRIABLE CONDENSERS 


With the above-described method, measurements of loss angles 
were made at frequencies of 2000 and 4200 kilocyeles on three types of 
variable air condensers (Figs. 9, 10, and 11). Fig. 11 shows the con- 
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denser that was previously described. The others are of the type having 
metal frames, and quartz insulation. The electrical connection between 
the rotor and the frame is made in the first case (Fig. 9) by a copper 
pigtail about 0.8-square-millimeter cross section and 50 millimeters 
long; in the second case (Fig. 10) by a mercury contact. 

In Fig. 12 are shown the results of the measurements. From these 
results one sees immediately the poor behavior of condenser No. 1 
in comparison with that of the other two, which are almost equivalent. 
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Fig. 12—Results of measurements on condensers 1, 2, and 3. 


This difference, which increases with frequency and capacitance is 
relatively negligible for the zero setting of the condenser, and is at- 
tributable to the resistance of the copper pigtail connecting the rotor 
to the frame. 

It is also established that in condensers 2 and 3 the ohmic losses in 
the metal are certainly not negligible compared with those in the sup- 
porting insulators; but, for the larger values of capacitance and at 
4200 kilocycles, they are greater. In Fig. 13 are shown for condensers 
2 and 3 at 4200 kilocycles, the tangents of the loss angle relative to the 
variable part of the condensers. The loss angle has been calculated on 
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the basis of the difference between the effective capacitance and the 
minimum or residual value, and on the difference between the corre- 
ponding values of the loss conductance. For condenser 1 the same calcu- 
lation gives much higher values, which vary from 0.26 to 0.76 10-3 
for values of capacitance from minimum to maximum. 
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Fig. 13— Loss angle relative to the variable part 
of the condensers. 


VI. VARIATIONS OF THE MEASURING CIRCUIT 


To extend the range of the measurements to much higher fre- 
quencies and to improve the operation of the circuit, it would be ad- 
visable to arrange the circuit as a series one, using small series re- 
sistors as standards, instead of large parallel resistors. The circuit 
diagram is now changed to that shown in Fig. 14 in whieh C is the 
eondenser which enables the cireuit to be tuned when C, is altered and 
the resistance box is arranged to eliminate the effect of the resistance of 
the plugs and of the bus bars. 


Fig. 14— Improvement of the measuring circuit for higher 
frequencies, 


It is interesting to observe that with this arrangement one measures 
the value of the series resistance equivalent to the complex losses in 
the condenser by direct comparison, without any necessity of calibrat- 
ing the standard condenser Со, thus eliminating а possible cause of 
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error. The resistance box should consist of resistors between 0.01 and 
0.2 ohm and its construction should be thoroughly and accurately con- 
sidered in order to avoid obvious operating diffieulties.* 


VII. CoNcLusioNs 


The method of substitution described permits an accurate de- 
termination of the loss angle of condensers used in high-frequency cir- 
cuits, without the necessity of knowing the ohmic loss in the auxiliary 
condenser. Moreover, in comparison with the ordinary substitution 
method, it easily eliminates the effects of the resistance of the connec- 
tions between the condenser under test and the measuring circuit, 
thus becoming of partieular value when it is desired to make tests on 
condensers or on samples of insulating materials in an enclosed space; 
e.g., when one wishes to carry out researches on the effect of tempera- 
ture or humidity on the loss angle. 

+J. G. Chaffee, “The determination of dieleetrie properties at very high 
frequencies," Proc. I. R. E., vol. 22, pp. 1009-1020; August, (1934). 

5 L. Rohde and Н. Sehwarz, "Verlustwinkelmessung bei 108 Hz" (Loss angle 


measurements at 100 терасусІеѕ), //ochfrequenztech. und Elektroakustik, vol. 
43, р. 156; Мау, (1934). 
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THE VARIATION IN THE HIGH-FREQUENCY RESISTANCE 
AND PERMEABILITY OF FERROMAGNETIC MATERIALS 
DUE TO A SUPERIMPOSED MAGNETIC FIELD* 


By 


J. S. WEBB 


(University of Minnesota, Minneapolis, Minnesota) 


Suminary— The variation of the high-frequency resistance of ferromagnetic 
conductors as a function of a superimposed magnetic field is discussed. lt is shown 
that very large changes in high-frequency resistance are obtainable in ferromagnetic 
conductors having high initial permeabilities. Some important applications of this 
effect are given. The application of high-frequency incremental permeability to re- 
mote tuning of radio circuits is briefly outlined. 


INTRODUCTION 


УТ YHE subject of the variation of the high-frequency resistance of 
a ferromagnetic conductor due to a superimposed magnetic field 
seems to have received very little attention. It appears now that 

with the development of new types of ferromagnetic materials, as well 
as the increase in uses of high-frequency apparatus, some important 
applications of the effect are possible. Some of these are its uses in 
radio receivers in conjunction with automatic expanding systems, 
automatic tuning, automatie volume control, and remote tuning; in 
geophysical measurements; in directional flying; and not least, in 
measuring field intensities where it is impossible to use the ordinary 
methods, or where the fields are too weak to use the bismuth spiral. It 
is the purpose of this paper to give a brief account of some investiga- 
tions that have been made on the variation of the high-frequency re- 
sistance, due to a superimposed field, of a few of the common types of 
ferromagnetic conductors and also to point out some of the possible 
applications of the effect. 


THEORY 


The approximate theory of high-frequency resistance of a straight 
evlindrieal conductor has been given by many physicists and electrical 
engineers; the exact solution however is due to Lord kelvin.! This 
solution is quite involved and it was in this connection that he intro- 
duced his “bei” and “ber” funetions. Kelvin gives 


* Decimal classification: R282.3. Original manuscript received by the In- 
stitute, September 2, 1937. 
1 Kelvin, “Mathematical and Physical Papers,” vol. 111, p. 291. 


433 


434 — Webb: Ferromagnetic Materials 


R’ 20 (ber z bei” т — ber’ x bei x) a) 
Ro 2 (ber’ x)? + (bei’ x)? 
where, 
кр ауе = p =" (2) 
22.42 22.42.62.82 
т? 18 gid 
те 2:.4*.6* 82.10. — ©) 


2 
x= xd и Hf (4) 
p 
and where, 


Г’ = high-frequency resistance in ohms 
Ro =direct-current resistance in ohms 
d = diameter of the conductor in centimeters 
f =frequency in cycles 
p =resistivity in centimeter-gram-second units 
и =permeability. 
Бег’ x and bei’ z are the first derivatives in respect to z. 


Tabulations of ’/Ro in terms of х are to be found in the radio 
literature.? It is interesting to note that the very complicated ехргез- 
sion of (1) reduces to that of an approximately straight line for values 
of х exceeding 3.0, and ean then be expressed as 

R' 2uf 
= 0.25 + 0.3555 ог 0.25 4-0.355zd 4/——- (5) 
Ro р 

The permeability cannot be taken as a constant, since the field 
strength in a conductor carrying a current varies as we move outward 
from the axis. It is therefore necessary to consider и as the average 
permeability, since it is a function of М, which is not constant over the 
eross section of the conductor. 

А ferromagnetic conductor carrying a current can be considered as 
having a circular permeability due to the current flowing in the con- 
ductor. When this conductor is placed in a magnetic field that is parallel 
to the axis of the conductor, it will have a longitudinal permeability 
which is at right angles to the cireular permeability. As the strength 
of the superimposed field is inereased, it will tend to orient the “unit 
magnets" in the direction of the longitudinal field with a gradual re- 


? Bureau of Standards Circular No. 74; second edition, p. 309. 
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duction in the circular permeability, and with a corresponding decrease 
in the high-frequency resistance of the conductor. Here, however, the 
demagnetization due to the pole effect is so great that it requires a 
relatively strong superimposed field to produce mueh of a change in 
the high-frequency resistance of the conductor. 

The variation of the permeability of ferromagnetic materials, due 
to superimposed fields, has been studied by Spooner,’ Hanna,‘ and 
others, using low or relatively low frequencies. Yensen has termed this 
“ineremental permeability.” It has been shown that for a given alter- 
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Fig. 1—Curves showing general relationship between static 
and incremental permeability. 


nating field, the initial permeability is the maximum incremental 
permeability, decreasing in value as the superimposed direct field H, 
is inereased. This is shown in Fig. 1. It is this form of variation in 
permeability that is obtained when a ferromagnetic conductor, carry- 
ing a current, is placed in a superimposed magnetic field. Since the 
high-frequency resistance of the conductor is a function of its perme- 
ability, it ean be seen that a variation in и, due to a superimposed field, 
will produce a variation in its high-frequency resistance. 


EXPERIMENTAL 


In order to measure accurately the change in the high-frequency 
resistance, as well as to keep the current constant through the test 
sample, the resistance-substitution method was chosen as being the 
most desirable. The circuit arrangement is shown in Fig. 2. The source 

з Spooner, Jour. A.I.E.E., vol. 42, p. 42; January, (1923); Phys. Rev., vol. 


25, p. 527; April, (1925). 
* Hanna, Jour. А.1.Е.Е., vol. 46, р. 128; February, (1927). 
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is a conventional Hartley oscillator, К a General Radio decade resistor, 
C a General Radio precision vernier condenser, and J a Weston thermo- 
milliammeter. The Helmholtz coils shown in the diagram can be re- 
placed by a Weiss electromagnet when a superimposed field of higher 
value is needed. The test samples are made by winding lengthwise, on 
thin bakelite strips, the ferromagnetie materials to be investigated. 
These materials are Niehrome, 193 Alloy, soft iron, steel, and nickel, 
all of whieh come in the form of No. 21 or No. 26 B & S gauge wire. 
Several test samples of each material are made ranging in length from 
six to eighteen centimeters. The six-centimeter samples are for use in 
the Weiss electromagnet, where it is unsatisfactory to use pole spacing 
much in excess of six centimeters. 
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Fig. 2— Circuit for measuring the variation in the high-frequency resistance of 
ferromagnetic conductors due to a superimposed magnetic field. 


In making measurements, А is set at zero and the circuit is tuned 
to that of the oscillator by means of the variable condenser C. The cur- 
rent is adjusted to the desired value by means of the pickup coil L. 
Аз the superimposed field //, is applied, starting at its lowest value, 
the change in resistance of the test sample is determined by the amount 
of resistance R that must be inserted in order to keep the current 7 
constant. А slight retuning of the cireuit may be necessary witli each 
change in H,, since the inductance of the test sample changes slightly 
with the superimposed field. 

Fig. 3 shows the changes in resistance obtained for soft iron, nickel, 
and 193 Alloy, using the Weiss magnet to produce the superimposed 
field //,. Here “longitudinal field” denotes that the winding of the 
test sample is parallel to the direction of the superimposed field, while 
"transverse field? denotes that the winding is at right angles to the 
superimposed field. The fact that the resistance of the test sample 
changes much more gradually in the transverse field than in the longi- 
tudinal, is due to the pole effect which has a tendency to neutralize 
the superimposed field in the test sample. There is also a small pole 
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effect noticeable when using short test samples in the longitudinal 
field. This is shown by the fact that it requires a slightly larger value 
of И, to produce a given change of resistance in the six-centimeter 
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Fig. 3— Variations in the high-frequency resistance of several ferromagnetic 
conductors, due to а superimposed field. 
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Fig. 4—Variation in the incremental permeability of iron and 193 Alloy. 


samples than is required for the longer ones. It appears that no pole 
effect is detected for samples longer than approximately ten centi- 
meters. As Nichrome and 193 Alloy give very nearly the same changes 
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in resistance, only data on the latter alloy are shown. Several other 
alloys were studied, all showing changes in resistance similar to those 
given in Fig. 3, but varying in degree. 
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Fig. 5—Circuit arrangement for measuring the longitudinal 
permeability and core losses at radio frequencies. 
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Fig. 6—Incremental longitudinal permeability show- 
ing effect of retentivity. 


The variation in the ineremental permeability of iron and 193 Alloy, 
as calculated from their high-frequency resistances by (1), is given 
in Fig. 4. One of the most striking effects found is that there is no evi- 
dence of a retentivity in any of the samples, after application of very 
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high values of //,. This is evidenced by the fact that the high-frequency 
resistance of the test sample always returns to its original value after 
the superimposed field //, is removed. This is in contrast to what is 
found when the longitudinal high-frequeney permeability is measured 
directly by the arrangement as shown in Fig. 5. Here, as the superim- 
posed field is applied, the value of Л is varied so as to keep the high- 
frequency current Z constant. The permeability is determined from 
the change in Co required to keep the oscillator frequeney constant, 
as determined by the zero beat from the autodyne receiver. Results 
for two materials are given in Fig. 6, where it is seen that iron exhibits 
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Fig. 7—Statie permeability curves of a number of ferromagnetic 
materials used in this investigation. 


a large retentivity compared to that of 193 Alloy. Steel and nickel, 
not shown in the figure, exhibit considerable retentivity, while none 
is found in the permalloy strips measured in the same way. This is 
due to the fact that the high-frequenev field of the oscillator coil 
completely demagnetizes the materials of the perinalloy type in which 
Hmax takes place at a relatively low magnetizing force. See Fig. 7. 
Using permalloy or other ferromagnetie materials having similar prop- 
erties, such as hydrogenized iron, it is possible to obtain incremental 
permeability curves that are the same for increasing and decreasing 
values of the superimposed field, such as is approached by 193 Alloy, 
in Fig. 6. This kind of a variation in the ineremental permeability of 
certain ferromagnetic materials, makes possible a desirable method for 
remote tuning of high-frequeney cireuits or radio receivers, such as is 
shown in Fig. 8. The tuning is accomplished by a variation of tlie 
current from the high-voltage direct-eurrent supply, to the superim- 
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posed field winding by means of a variable high resistor. The high re- 
sistance of the coil L due to the core losses as well as to the reflected 
resistance from the circuit producing the superimposed field, ean be 
reduced to any desired value by operating the input tube on the nega- 
tive-resistance portion of the characteristic curve, together with a 
variable positive resistor in series with the plate circuit. The high-fre- 
quency resistance of this latter resistor can be made to vary auto- 
matically in accordance with the change in the resistance of the coil L. 

The question of the constancy of the permeability over the range 
of 200 to 1500 kiloeyeles arose during the course of this investigation. 
In order to check this, the high-frequency resistance of long straight 
ferromagnetic conductors, one meter in length, was measured by the 
resistance-substitution method. АП sources of possible errors were con- 


Fig. 8—Cireuit arrangement for incremental permeability tuning of 
a stage of radio-frequency amplification. 


sidered, such as radiation resistance and proximity effects. Caleulations 
of the permeabilities from these measurements gave a value for each 
material that was constant over the range of the frequencies used. This 
would indicate that the magnetization cycle follows exactly up to at 
least 1500 kiloeveles. 

Referring again to Fig. 3, it ean be seen that almost any range 
in the variation of the high-frequency resistance ean be obtained by 
proper choice of the ferromagnetie material and the manner in whieh 
it is used. With the inereasing number of new magnetic materials 
having very high initial permeabilities, it is possible to obtain marked 
changes in the high-frequency resistance by but very small changes in 
the superimposed field. Thus for hydrogenized iron, an approximate 
change of from 30 to З ohms or a ratio of 10 to 1 сап be obtained for a 
change in //, of the order of one oersted. Using a neutralizing field in 
order to utilize the portion of the curve that gives the largest change 
in the high-frequeney resistance for a small change in //,, it is possible 
to obtain sensitivities capable of detecting small variations in the 
earth’s magnetic field. This makes it possible to use the effect in de- 


Webb: Ferromagnetic Materials 441 


vices for geophysical exploration as well as in places where the induc- 
tion compass is now used. 

The writer has found the high-frequency resistance and its changes 
in a superimposed field a most useful method for investigating the 
magnetic properties of ferromagnetic materials during heat and chem- 
ical treatment. In this way tests can be run simply and continuously, 
without changing from heat or chemical treating position to that of 
the magnetic testing apparatus. 

The effect of the variation of the high-frequency resistance has 
many possibilities in a radio receiver where the superimposed field 
can be made a function of the received signal by using some form of 
rectifying device. A paper dealing with some of these applications to 
radio receivers is in preparation. 
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A METHOD OF NEUTRALIZING HUM AND FEED- 
BACK CAUSED BY VARIATIONS IN 
THE PLATE SUPPLY* 


By 
К. В. Gonser 


(Department of Physics, University of Kansas, Lawrence, Kansas 


Summary A method is described whereby hum and feedback can be reduced 
in multistage screen-grid resistance-cou pled amplifiers. By the method described it is 
possible to reduce degenerative and regenerative feedback and hum. 

The principle involves using the screen grid of a multigrid tube in such a manner 
that il produces a variation upon the grid of the following tube substantially equal 
to and out of phase with the variation appearing al that grid directly through the 
plate-circuil resistor. The two thus neutralize out. 

The theory giving the conditions under which neutralization takes place is de- 
scribed. Experimental data prove that such neutralization does take place. Typical 
graphs giving the conditions for neutralization using а 6C6 tube are given. 


frequently are the cause of much grief. These variations may 

appear as unfiltered hum, degenerative or regenerative feed- 
back due to a common power-supply impedance,! or as a waviness due 
to slow variations. These necessitate the use of heavy filtering between 
stages and frequently multiple power supplies. 

Tubes having sereen grids, as, for example, types 6C6 or 24 А, 
eun be utilized in proper circuits to neutralize the effect of these plate- 
supply variations within limits. 

Fig. 1 is a diagrammatic representation of the appearance of hum 
and undesired voltages on the grid of the following tube. Part of this 
voltage, dE p, will appear directly through Zz on the grid as indicated 
by path 1. This voltage will also make itself apparent on the following 
grid by appearing partially on the sereen grid, and being inverted 
through the tube, path 2. Should the phase and amplitudes of these two 
be proper, d Ep will not appear on the grid of the following tube. 

It ean be seen that Fig. 2 is the type of circuit which will give this 
type of neutralization. dÉc; will be some function of d Eg and the con- 
stants of the circuit. Further inspection shows that any change of Ep, 
which we denote by dE», will also appear to some extent in (Ёс. 


Y y OLTAGE variations in the plate supply to tubes in amplifiers 


* Decimal classification: R133. Original manuscript received by the Insti- 
tute, July 11, 1937; revised manuseript received by the Institute, November 10, 
1937. 

1 J. E. Anderson, “Influence on the amplification of a common power supply 
impedanee in the plate circuit of amplifiers,” Proc. I. R. E., vol. 15, pp. 195-212; 
Mareh, (1927). 
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The screen grid of a tube acts much as an ordinary grid except that 

its controlling action is not as great. Any voltage change in the supply 
leads dE» will appear fractionally on the screen с. This voltage 
change causes a change in current through the tube which produces 
a change in voltage across Rp. This change of voltage across Rp is 


Fig. 1— Diagram to illustrate the appearance of voltage variation due to plate- 
supply variation dEp on the grid of a tube following a screen-grid stage. 
There are two pathways, one of which has its phase inverted by passing 
through the tube. 


out of phase with that appearing directly across Rp. If circuit values 
are right these two variations in Есі will be equal in magnitude and 
180 degrees out of phase, thus neutralizing. 


с> Ecc 


K——E e 


Fig. 2— Diagram showing elements involved in neutralization theory. 


It is well to note here that no condenser, or at least only a small one, 
ean be shunted from screen grid to ground, because of the phase differ- 
ence which would be developed between Ер and dEsq. Two con- 
densers could be used, however, one from sereen to ground and the 
other from screen to plate supply. These are dotted in Fig. 2. If these 
condensers are of such capacitances that 4E» divides across them in the 
same ratio as it divides across R, and R there will be no phase shift 
introduced at any frequency. 
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Àn alternative would be to make the resistances and the condensers 
large enough so that any frequency of fluctuation in which we might be 
interested would divide across the condensers in a manner practically 
independent of the values of А, and Rs. This introduces the possibility 
of making the steady voltage appear in a different ratio than the vary- 
ing voltage on the screen. This might be useful in actual practice. 

If self-bias is desired, either a small value of resistor with no con- 
denser eould be used in the eathode circuit, giving a low grid bias, or a 
large by-pass eondenser eould be used with any resistor in order to 
minimize variation in grid bias. 

The equation approximately describing the plate current of a 


sereen-grid tube is? 
Tp = K(Ea + Escu)" (1) 
where, 


Ip- plate current in amperes 
K —a constant depending upon type of tube 
Ес = control-grid voltage 
Е 5с =screen-grid voltage 
u=amplification factor of grid with respect to the screen grid 
(ratio of eontrolling actions) 
1-8 constant, approximately 1.5 for most tubes. 
Differentiating Zp in (1) with respect to Esc to find how Ip changes 
as Ёзс changes, we obtain 


dIp = nK/.(Ea + Esa.) ^" dEsc. (2) 


It is interesting to note that dIp is a function of Esa as well as 
аЕ с. This is the factor which puts a limit on the amplitude of plate- 
voltage variation that can be neutralized. 

When we multiply dZp by the load resistance in the plate circuit 
Ry, and set this equal to dE сл, we have? 


dIp-R, = n: K/.(Eg + Esau)” DdEsg: Rz = dEq. (3) 


Any change of Ep will divide across Rp and the series-parallel com- 
bination of Re, Ci, and Ppr, the internal resistance of the tube, and Gpr, 
the input resistance of the following tube. If we neglect Ci, then 


Pr Re Gn : 
Rp-Re-GrtRp-Pr-GrtRp-PeRetPr Вс. Gr 


2 Modified from an equation аз given by H. J. van der Bijl, “The Ther- 
mionie Vacuum Tube and Its Applications,” first edition, р. 151, 1920. 

з [n the treatment given here it will be noticed that the screen-grid tube is 
assumed to be a constant-current generator shunted by the plate resistance of 
the tube. If the tube is assumed to be a constant-voltage generator in series with 
the plate resistance, a different treatment results. 


dEgi— dE, © (4) 
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Inspection of Fig. 2 shows that Rz is composed of the combined 
resistance of Pr, Rp, Rg, and Gr to ground, if С, is neglected. 


Pr Rp: Re Ge 


Ry; - — . (5) 
lp: В в. Ск + Ре. Ra: Gg + Pu p: Gg + Pr Re Ra 
Substituting (4) and (5) into (3) we obtain 
К /„(ЕЁс + Esau) DVdEsge Rp = -dEp. (6) 


It will be noticed that Кс, Pr, and Gr have canceled out. This 
indicates that their value will have no effect upon neutralization. By 
а more detailed calculation it ean be shown that the impedance С, 
introduces also will cancel out. These values and the value of €, will 
however affect the gain of the stage. This was actually found later by 
experiment. 

Esc and dEsg may be expressed as 


Esc = F-Ep (7) 

dEs¢ = Fo-dEp. (8) 

Here F and Fv are constants expressing the fractions of E» appear- 
ing as Esc, and of dE, as dEsci. Should the value of these be desired 


it can easily be shown that 
Кс R 
tie sa: И? (9) 
Hsc: Ro + Riksa + №. 


Rsev ` Rè 


hao c EE. E 


Fy = 


(10) 


where, 

Rsg=direct-current resistance of screen grid to ground 

Rsa = variational resistance of screen grid to ground. 

If we use resistors to supply the steady component and condensers 
to supply the variable component Fv becomes 


C C 
ыы. (11) 
C, 
Substituting (7) and (8) into (6) we obtain 
n: K/(Eg + Р. Epp) DPy. Rp == 1, (12) 


The factor dE» has canceled out which is to be expected since it 
is the factor we are attempting to eliminate. 

The variables in this equation are Eg, F, Ep, Rp, and Fv. The re- 
maining factors are constants depending upon the tube. This seems to 
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be a formidable array of variables; however, in testing the theory all 
but two of the variables can be fixed. The number of variables also 
permits of more freedom in circuit design. 

The dashed line in Fig. 3 gives an example of the conditions for neu- 
tralization from the theory. The tube constants used were и=18, 
n=1.5, and A —0.0008534. 
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Fig. 3— Graph giving conditions for neutralization. The above was obtained us- 
ing a grid resistor 2g of one megohm. A different value than this would not 
change the /p or Rp curves but would affect the gain. The dashed Fp line 
was obtained theoretically. The gains of the stage with various values of 
Esq have been plotted to show the performance. The gain is expressed as 
the ratio of the output to the input voltage. 


The solid lines give characteristics of the circuit as actually meas- 
ured. This graph was plotted from a setup using both resistors and 
condensers in the sereen-grid circuit. Fv in all cases was made equal to F. 


Gonser: Neutralizing Hum and Feedback 447 


The variation from the corresponding experimental curve is un- 
doubtedly due largely to the failure of (1) to describe accurately the 
plate current of the tube. 
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dEP vOLTS 
Fig. 4— The reduction of hum to be expected when the circuit is properly ad- 
justed. Under these conditions the residual hum has a form similar to the 
output of a full-wave rectifier, and has twice the frequency of the hum in 
dEp. This is to be expected. 
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Кр cR РОО? 
Fig. 5—The amount of hum appearing on the grid of a following tube when the 


stage is not properly neutralized. The variable chosen was Кр. 1n all meas- 
urements an amplifier feeding into a vacuum-tube voltmeter was used. 


Fig. 4 gives an idea of the reduction of hum to be expected from a 
circuit using this type of hum neutralization if the circuit is in exact 
balance. It is, of course, impractical to maintain such a balance in ac- 
tual amplifier circuits. The reduction is quite large as can be seen. 
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Fig. 5 shows the reductions of hum to be expected when the cireuit 
is not balanced. The plate resistance Rp was chosen as the variable 
here, although there are many others in the circuit. The rounding-off 
of the curve toward 150,000 ohms is caused by the plate being operated 
at too low a potential. 

The best resistance value in this setup was 68,000 ohms. It will be 
noticed that the hum can be reduced to half or less with any value from 
40,000 ohms to 100,000 ohms. Should we allow for circuit variations 
corresponding to this large an amount we may allow hum and feed- 
back voltages in the power supply to this stage of at least twice as 
much as was formerly permissible. 

If large amplitudes are to be handled by a stage and distortion 
minimized, proper operating conditions must be chosen. This is the 
case with all screen-grid stages. The plate must not swing too low nor 
may the grid operate on a curved part of its characteristic. It is inter- 
esting to note that a balance can be obtained with the values used to 
obtain the curve of Fig. 5, with 2p = 70,000 ohms. These closely ap- 
proach values sometimes recommended. 

While working with low-frequency biological amplifiers the author 
has had circuits which would oscillate unless the first stage was neu- 
tralized properly. 

It is hoped that use of the principle presented in the above theory 
may prove to be of value in special low-frequency amplifiers where the 
amount of filtering becomes almost prohibitive and in audio-frequency 
amplifiers where it is desirable to keep the cost at a minimum. 
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HARMONIC GENERATION* 


By 
HERBERT J. SCOTT AND LEONARD J. BLACK 


(University of California, Berkeley, California) 


Summary— When plate current in a vacuum-tube amplifier flows for only a 
portion of the grid-excitation cycle, harmonics appear in the output circuit. The 
magnitude of any one of these harmonics depends upon the fraction of the funda- 
mental cycle during which plate current flows. In the gradual transition from perfect 
class А to extreme class C operation, the magnitude of the nth harmonic goes through 
а series of n-1 maxima. To derive the maximum output for any given harmonic, the 
proper angle of plate-current flow must be chosen. 

In the present paper the case wherein the plate load is a large pure resistance to 
all frequencies is considered first. The results of this analysis are then carried over to 
the case of the tuned-plate-circuit load by the introduction of a simple function. Ex- 
perimental verification of the analysis is made for harmonics up lo and including the 
ninth. 


INTRODUCTION 


HEN a vacuum tube is operated over the curved portion of 

its characteristic it is a well-known fact that harmonics of 

the fundamental frequency are generated. If the operation is 
restricted to a small section of the characteristic, the magnitudes of 
the harmonics are small and can be accurately determined from the 
analytical expression for the characteristic curve. In controlled har- 
monie generation the excitation voltage is large and plate current flows 
for only a portion of the excitation-voltage cycle. For this type of har- 
monie generation, the harmonies result from the relatively abrupt 
change of the characteristic at cutoff, the curvature before cutoff 
being of secondary importance in determining the magnitude of the 
lower-order harmonies. To produce these pulses of plate current, the 
grid-excitation voltage is allowed to swing over a considerable portion 
of the operating characteristic about the region of cutoff. The magni- 
tude of any particular harmonie is determined by the amplitude of the 
plate-current pulse and by the fraction of the cycle over which this 
current flows. It has been found entirely practicable, by making сег- 
tain approximations, to predetermine the magnitude of any desired 
harmonic. The calculation of harmonie-generator performance of 
screen-grid and similar tubes, in which the plate current is substanti- 
ally independent of plate voltage and hence of the load impedance, 
and in which the limiting factor is the maximum permissible positive 
* Decimal classification: R132 X R357. Original manuscript received by the 


Institute, November 10, 1936; revised manuscript received by the Institute, 
October 6, 1937. 
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grid swing, has been previously treated.! In harmonie generators em- 
ploving tubes having а plate resistance comparable with the plate- 
load impedanee, the effect of the harmonie voltage developed across 
this load impedanee must be considered in the analysis. In praetical 
operation the plate-cireuit load impedance is a resonant circuit tuned 
to the desired harmonic. This condition of operation is analyzed in 
considerable detail in the present paper. The case wherein the plate- 
circuit load is a large resistance to all frequencies is considered in 
Part I. It is then shown (Part II) that the results of the analysis for 
the resistive load can be carried over to the case of the tuned-plate- 
circuit load by the introduction of one additional function. 


PART I 
RESISTANCE Loan 
Theoretical Discussion 


In any triode operating with a fixed plate-supply voltage and a 
given load resistance, the plate current may be expressed as a func- 
tion of the total grid voltage alone. This immediately reduces the tri- 
ode cireuit to that of the conventional equivalent diode. The plate 
current of such a circuit is given by the expression 


p (Е, + eg) 
n = (1) 
Tp + Ry 
where, 
1ь =instantaneous total plate current 
Е. = grid-bias voltage 
е, = instantaneous grid-exciting voltage 
и —amplifieation constant 
ry7 plate resistance 
Кь= plate load resistance. 


In this expression both и and r, are strictly functions of the total 
grid voltage e.. In most tubes, however, и may be considered constant 
over the working range. Also, if the load resistance is large, there is 
nearly a linear relation between the plate current and the grid voltage 
until eutoff is reached, at and beyond which the plate current is zero. 
Such an “ideal” straight-line characteristie would be obtained with a 
tube having a constant » and having a plate resistance of constant 
value on one side of cutoff and of infinite value on the other side. For 
the type of harmonie generation considered here such an ideal char- 

! F. E. Terman and J. Н. Ferns, “The calculation of class C amplifier and 


harmonie generator performance of sereen-grid and similar tubes,” Proc. I. R.E,, 
vol. 22, pp. 359-373; March, (1934). 
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acteristic would be desirable since it exaggerates the abruptness of 
cutoff and increases the maximum value of any harmonie. In the 
practical operation of шапу vacuum-tube circuits, the assumption of 
a straight-line characteristic is justifiable? In Appendix C the effect 
of the curvature near cutoff is considered. For an experimental investi- 
gation the “ideal” characteristic can be closely approximated by using 
the diode elements of а ’55-type tube or its equivalent. With such a 
tube the 4 beeomes unity and the plate resistance in the region before 
cutoff is small. 


| 
— зт - n9) 


Fig. 1 


The voltage and eurrent relationships are assumed as shown in 
Fig. 1. Current starts to flow at an angle 0, and continues to flow for 
an angle 8 during whieh time the grid voltage is above cutoff. This 
angle 8 which is designated as the pulse angle is related to the angle 
9, by the expression 


B — = 20, . (2) 
From the diagram it is apparent that 
8 Е. — E. 
CE шешш = z (3) 
= 4g 


where, 
о = eutoff bias voltage 
7,— peak value of tlie grid-excitation voltage. 


2 W, L, Everitt, “Optimum operating conditions for class C amplifiers," 
Proc. I. R. E,, vol. 22, pp. 152-176; February, (1984). 
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The problem of determining the magnitudes of the respective 
harmonies is essentially one of a Fourier analysis of partial sine waves. 
This analysis is given in Appendix A. The voltage components ap- 
pearing across the resistive load in the plate circuit are 


direet-eurrent component 


Ry 1 В B B 
бак = phy: Е — — сов | (+) 
т, + А, т 2 2 2 
fundamental component 
r E Ry 1 E pt J (5) 
к = uÉ, = sin ‹ 
ae are ae Ыр as Е 
odd harmonies 
(n+ 1l) (и ПВ 
cos ——— sin 
r E Ri; 1 а 
snk Ming T, + R. = n4-1 
no Mur. (з — 1)8 
cos sin 
" 2 2 Zo nT B . ng (6) 
— sin — cos — sin j 
п = 1 п 2 2 2 


even harmonies 


(n+ 1m. (п + 1)8 
2 


sin sin 
r E №, 1 2 
Sak = ud - 
: E. + Ry т п + 1 
. n—J» . (n— 18 
sin е А а = 8 Р 
2 2 2 пт т 
— — — cos — cos — sin (7) 
n— 1 n 2 2 2 


in which n is the order of the harmonic and Ё„к is expressed in the 
same units as Fy. 


Experimental Results 


The arrangement of the apparatus used in the experimental in- 
vestigations is shown in Fig. 2. The General Radio wave analyzer, 
having an input impedance of 10 megohms, was used to measure the 
magnitudes of the harmonic voltages developed across the load im- 
pedance. An excitation voltage of 20 volts effective value was used. 
The diode elements of a '55-type tube were used in the experimental 
work because of the close approach of the resulting voltage-current 
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characteristic to that of the linear ease. It is quite obvious that the 
results obtained with the diode are equally applieable to any device 
having а similar volt-ampere characteristic, such, for instance, as the 
grid-voltage—plate-eurrent characteristic of the multielement tube. 


erm d 1 бЕм Rao 
$-A t power 7—- ВР 
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The theoretical and experimental values for the various сотро- 
nent voltages developed in the plate circuit across the load resistance 
are shown in Figs. 3, 4, and 5. On these curves all values have been 
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Fig. 3 


reduced to unit excitation voltage. For a triode the values as given 
by these eurves would be multiplied by the amplification faetor of 
the tube and by the effective value of the grid-excitation voltage. 
Since the harmonie output voltage is directly proportional to the ex- 
citation, the reduction to unit excitation voltage makes convenient 
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the determination of the harmonie output if the excitation is varied 
in some predetermined manner. In the practical operation of a vacuum 
tube the grid-excitation voltage is often limited by one or more of the 
following considerations: (1) the amount by whieh the grid may be 


RESISTANCE LOAD 


| 8,*$56000  R,:2,400 | 
D.C | | 
| AND 
1$ HARMONIC + 1 = 1 | 
2 | VOLTAGES | 
аа! THEORETICAL 
g | MEASURED — 
E + 


Eoc 


driven positive, (2) the maximum permissible peak plate current, (3) 
the maximum allowable plate loss, (4) the maximum possible voltage 
available from the driving source. Examples wherein the grid excita- 
tion is varied so as to mect first, the condition of (1) above, and second, 
the condition of (4) above are given in Part II. 

The small departure of the experimental results from the theoreti- 
eal is due to the curvature of the tube characteristic near cutoff. The 
effect of this slight curvature is to extend cutoff over into the theoreti- 
eally inaetive region. As would be expected then, the departure of the 
experimental from the theoretical is most pronounced in the vieinity 
of zero angle of current flow. This region, since the magnitudes of the 
various harmonie components are small, is not one of importance in 
practical harmonie generation. In addition, this curvature reduces 
the magnitude of the maximum value of harmonic voltage that could 
be developed by the ideal characteristic. 
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The odd harmonies all pass through zero at a pulse angle of 180 de- 
grees, which is the point of symmetry for all of the harmonics. The 
even harmonics have a maximum value at this same pulse angle. The 
magnitude of any given harmonie goes through a series of n-1 maxima 
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Fig. 5 


as the pulse angle is continuously increased from 0 to 360 degrees. The 
pulse angles at which these maxima occur are defined by 


п + Е 
A= T (8) 
n 
where & takes on the values 
1, 3, 5, 7, · · - for the odd harmonies 
0, 2, 4, 6, · · · for the even harmonies. 


The choice of k in (8) is restricted to such values as will limit 8’ to 


the interval 
0° < 8B’ < 360°. 


The magnitude of any one of these maxima is 


Ri 1 2 
Е, = | Е ( ) sin : 


9 
Vr mM ж n*—] (9) 


Examination of the curves for апу of the harmonies shows the 
predicted number of maxima. From (9) it will be noted that the en- 
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velope of these maxima is a sine function of the angle В’/2. Conse- 
quently, the maximum maximum oeeurs for the pulse angle В’ which 
lies nearest to 180 degrees. Equation (9) indieates that the higher- 
harmonie voltages vary inversely as the square of the order of the 
harmonie. It is evident that the available harmonie voltage diminishes 
rapidly with the order of the harmonic. 


PART II 
Томер Loan 

Theoretical Discussion 

А suitable tuned impedance in the plate circuit, tuned to a particu- 
lar harmonie, discriminates against all undesired components. It may 
also inerease the value of the desired harmonie voltage over that whieh 
would be developed across a pure resistance load. As in the previous 
case, an “ideal” characteristic will be assumed, i.e., a linear relation 
between plate current and equivalent grid voltage. It is further as- 
sumed that the plate-circuit load presents a pure resistance to the 
desired harmonie and a negligible impedance to all other components 
of plate eurrent. 

The expression for the harmonie voltage appearing across the tuned 
circuit is developed in Appendix B. This voltage is 


E, 
E, = vds (10) 


To 1 ГВ 1 пв ng 
в, + E E + > sin > cos SJ. 


where Far is the corresponding harmonie voltage that would be de- 
veloped aeross a pure resistance of large value (large in comparison 
with the tube plate resistance) placed in the plate circuit. The expres- 
sions for Ё„к are given by (6) and (7). R; denotes the antiresonant 
resistance of the tuned circuit. 

It is to be noted from (10) that Е, is related to E,; by a simple 
factor. This single factor, which is the ratio of Ё„/Ё нь, and is termed 
in this paper the “step-up effect," makes it possible to apply the results 
obtained for the case of the resistive load directly to the case of the 
tuned-circuit load. For the pulse angles which result in maximum values 
of harmonie voltages the quantity 

1 . AB nB 
Sın — COS 
n 2 2 
is at, or very near to, zero and for a first approximation may be 
neglected. The “step-up effect” then becomes 
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E 1 
= 11) 
Enar um 2 B 
№, 2T 


where, as before, В’ is the particular pulse angle at which а maximum 
occurs for the harmonie under consideration. 

In the ease of the resistive load, it was pointed out that the maxi- 
mum maximum occurred at the pulse angle В’ nearest to 150 degrees. 
For the tuned load, however, the “step-up effect” increases as В’ is 
decreased and hence, one of the other maxima might be the largest, 
depending upon the value of the ratio of plate-to-load resistanee. 
Experimentally, this is shown to be the ease by the curve of Fig. 
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6, whieh is a plot of the ratio of the maximum fourth harmonie that 
occurred for a pulse angle of approximately 90 degrees to that which 
occurred at 180 degrees. As the ratio of plate-to-load resistance be- 
comes very large the ratio of the two maxima approaches that ob- 
tained with a pure resistive load. 

The envelope of the maxima followed a sine curve for the pure 
resistive load (equation (8)). For the tuned circuit, however, the ap- 
proximate form of the envelope is given by the expression 


sin 


А = 12 
d $ p ior 

Ry 2T 
A series of such envelopes with r,//?; as a parameter are plotted in 
Fig. 7. On this same figure in dotted lines is shown the form of the 
envelope of the maxima for the ease of the resistive load. These 
envelopes indicate the departure from symmetry about the 180-degree 
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point as the ratio of plate-to-load resistance is decreased in value. l'rom 
this series of curves, for any given pulse angle р’, the ratio of the 
partieular harmonie voltage obtained with the tuned load to that ob- 
tained with a large pure resistive load (large in comparison with the 
plate resistance of the tube) is given very nearly by the ratio of the 
ordinates of the solid and dotted eurves corresponding to this par- 
tieular pulse angle and ratio of plate-to-load resistance. 
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In Table I are tabulated the pulse angles В’ at which the maxima 
occur, for harmonies up to and including the ninth, for the resistance 
case. In the ease of the tuned circuit, cach of these values of В’ are 
shifted slightly towards a smaller pulse angle. For a first approxima- 
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tion, however, this shift may be neglected. From Table I and the curves 
of Fig. 7, the “step-up effect” for any particular harmonie and ratio 
of т, ean be determined. For a given ratio of plate-to-load re- 
sistance, this “step-up effect" would be equal to the ratio of the maxi- 
mum ordinate corresponding to a В’ for a particular harmonie and to 
the maximum ordinate corresponding to a В’ for the resistive case. 
Neglecting the shift of В’ introduces an error in the “step-up effect” 
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as determined by this method. Phe percentage error is greatest for the 
second and third harmonies and for small ratios of plate-to-load re- 
sistance. The curves of Fig. 8 show the “step-up effect” both neglecting 
and including the shift in 8’. For all harmonies above the third the 
error due to neglecting the shift in В’ is negligible. 


Experimental Results 


The measured magnitudes of the third-harmonie voltage developed 
across a tuned load are shown for two different ratios of plate-to-load 
resistance in Fig. 9. The theoretical magnitudes are shown dotted. The 
lack of complete symmetry about the 180-degree pulse angle is quite 
apparent. As indicated by the curves of Fig. 7, all the harmonies will 
have a maximum value for pulse angles less than 180 degrees. 

The importance of the ratio of plate-to-load resistance is evident 
from the eurve of Fig. 10. On this same figure are shown the pulse 
angles at which the maximum harmonic voltage oceurs. It will be 
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noted that for large ratios of plate-to-load resistance that the pulse 
angle approaches that obtained for the resistive case. 
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In the preceding analysis the excitation voltage was considered con- 
stant. The results are, therefore, directly applicable when a limited 
excitation voltage is available. A typical example of this is the lightly 
loaded low-level crystal oscillator followed by a frequency doubler or 
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tripler. However, since the harmonic output is directly proportional 
to the exeitation voltage, it is a simple matter to determine the 
harmonie output if the excitation voltage is variel in some prede- 
termined manner. In the praetieal operation of elass В amplifiers, 
class C amplifiers, or harmonie generators, the limit of grid excitation 
is often determined by the maximum perrnissible positive grid swing. 
Such limitations are discussed in detail in an article that has appeared 
previously'. Denoting by E, the permissible amount by which the grid 
may be allowed to swing positive, the peak grid voltage measured 
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from cutoff is E, — Его. The grid-excitation voltage and angle of current 
flow are related to the peak grid voltage by the expression 


E, ( — eos =) = Е, — Ёш = constant. (13) 


Both the grid excitation and the grid bias must be varied in order to 
maintain this relation. Substituting the value of excitation voltage, 
as defined by (13), into the previously derived expressions, gives the 
harmonie eomponents that can be obtained under these conditions of 
operation. 

The experimental and theoretical results are shown by the curves 
of Fig. 11, for the fourth harmonic, under the eonditions just men- 
tioned. The values of bias and grid-exeitation voltage necessary to 
obtain pulse angles of less than 25 degrees were physically unrealizable. 
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In plotting these curves, all values were reduced to an excitation volt- 
age of one volt effective for 8 equal to 180 degrees; i.e., such that 
E,— со == V3. 


Symbols 


The following notation has been used throughout the present paper. 
Where possible, eonformity to the recommended symbols has been 
maintained.? 


u—amplifieation factor. 
Sm = grid-plate transconductance. 
тр = plate resistance. 
К, -—load resistance. 
Е, = quiescent value of plate voltage. 
Е. —grid-bias voltage. 
ЁЕсо = cutoff grid-bias voltage. 
Е, = peak value of varying component of grid voltage. 
?7,—nth harmonic voltage developed across the tuned load. 
Е „п = nth harmonie voltage developed across the resistive load. 
€» = instantaneous total plate voltage. 
€. = instantaneous total grid voltage. 
e, = instantaneous value of varying component of grid voltage. 
In, I,'-peak value of the nth harmonic current. 
7, = instantaneous total plate current. 
n —order of the harmonic. 
9, = angle at which plate current starts to flow (see Fig. 1). 
В —angle during which plate current flows (see Fig. 1). 
В’ = particular values of В Гог which a maximum voltage, of the 
nth harmonie, is developed. 


In derivations appearing in the following appendixes, the assumption 
is made that operation is over a linear characteristic. 


APPENDIX А 
Resistance Load 


During that portion of the grid-excitation voltage cycle when plate 
current flows, the net equivalent voltage acting in the plate circuit is 
positive and is 

HE, (sin et — sin 61). 


The resulting plate current consists of partial sine waves which can be 
expressed by the usual Fourier series. 


* “Report of the Standards Committee of the 1.В.Е.,” (1933). 
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dj = Io + I, sin wt + I5 sin 2wt + --- I, sin nol 
+ J’ eos wt + 15’ cos 2wt + - - - In’ eos nut 


where, 
uE, 1 RM З 
Гә = —. Г (sin et — sin 61)d(wt) 
to + Ri 2T 4 e, 
Е, 1 m А 
= Е > С 0, — ( — 01 | sin Д 
Tp 4 Ry т 2 
uE 1 тб, А ^ - 
1„ = - Г [sin wt sin nwt — sin 6, sin поі ]d (ot) . 
fp + Rr те, 


Since this integral is equal to 0 for even values of n, only odd harmonies 
are present in the sine terms. Performing the indicated integration 
there results 

fundamental 


„Е, 1 m ! + 
т =. sc Se А; IG = 2 — — sin 2% | 
Тр + Ry, T 2 2 


odd harmonics 


uE, 1 [sin (n +10, sin (n — 1)6, М 
r3 X — sin 61 cos 20; |. 


ТЕЙ x n+1 n— 1 n 
For the cosine coefficients 
нЕ, 1 


=— 9, 
ron: Г (sin wt cos nwt — sin 6; cos nwt)d(wt) . 
8 


T» + RL т Я 
This integral is 0 for odd values of п, consequently only even harmonics 
are present in the cosine terms. 


even harmonies 


uE 1 feos(n+1)@: cos(n — 1)8 2. | 
гале NE | ( ОД ыы ) ре sin & sin nf |. 
+ А, т 


n+1 n—1 n 
The voltage developed across the load resistance, Kz is ть RL. 
Since 6, ean be expressed in terms of the angle of current flow (equa- 
tion (2) of the text), the final equations ((4), (5), (6), and (7) of the 
text) ean be obtained by direct substitution. 
The grid bias for any desired value of 0, is 


a 


Е. = Е. — E, sin 6. 
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The derivatives of /, and J,’ with respect to 6, equated to zero 
give the values of 0; for which the harmonie: maxima occur. These 
maxima occur at values of 6; such that +10. = п/2, 32/2,--- 
[(2n— 1)» ]/2 for the odd harmonies and * 26; —0, т, 2х, · - · nz for the 
even harmonies. For these values of n6;, both Г, and J,’ are given by 


the expression 
нЕ, 1 2 
ens —.—{[ — cos 6, ч 
Tot ВЕ тха? — 1 


Expressing 6, in terms of 8, (8) and (9) of the text are obtained. 


APPENDIX В 
Tuned Load 


It will be assumed that the tuned impedance in the plate circuit 
is a pure resistance №; at the desired harmonie frequency and offers 
a negligible impedance to all other components of current. The total 
instantaneous plate voltage will then be 


odd harmonies 
^ = E, — IB, sin not 
even harmonies 
» = Ey — I,'Ry cos not. 
The total grid voltage e, is 
е = E, + E, sin et 


Assuming a linear relation, as shown in Fig. 1, the expression for 


the plate current is 
| Cb 
1% = Sm (e + ) 
A 


This becomes, for the odd harmonies, 
А z 2 E, IH. 
ъ= Sm | E. + E, sin wt + — — sin nat |. 
H H 


Plate current starts to flow at ап angle 6; and the net positive voltage 
will be such that 


„ а E Taker " 
to = Sm | £,(sin wt — sin б) — - sin nwt 
A 
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Evaluating the Fourier coefficients 


1 


7—6; 
e f Ta Sin not d(wt) 


т 


Es Е 
f E,(sin wt — sin 6;) sin nwt d(wt) 
9 


т t 
Sm m=O e, 
+ sin? nwt 4 (64) 
п У ө. и 


The voltage developed across the plate load will be 7,72; and since 
5,7 u/rp, the harmonic voltage becomes 


1 r—0, 
нЕ, Г (sin wf sin net — sin 0, sin nwt)d(wt) 
т 6 
E, = | 


r | v= 

-+ f sin? nwt d(wt) 
R L т 6, 
The value of the integral in the numerator of this expression has been 
given in Appendix А. Evaluating the integral in the denominator and 
substituting the results of Appendix A, the harmonie voltage becomes 


odd harmonies 
Enr 


ts 1 T ШИ 
+ [( — 61+ sin n6, cos nts | 
Ri; п 2 n 


where Fur is the corresponding harmonie voltage that would be de- 
veloped aeross a pure resistance of large value (large in comparison 
with the tube plate resistance) placed in the plate circuit. The expres- 
sion for E, is given by (6) of the text. 

А similar procedure is followed for the even harmonies and results 
in the expression 


Е, = 
tn = 


even harmonies 


T» 1 т | pn 
+ — 2 — — sin n6, cos n6, 
Ri; т 2 n 


where Ear is given by (7) of the text. 
Expressing 0, in terms of the pulse angle В (10) of the text is ob- 
tained. 


n 
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The grid bias necessary for any desired value of 6, is 
odd harmonies 


E. = Ед — Е, sin 6, + E, sin n6, 


even harmonies 


= Ал — E, sin 6, + E, cos n6,. 


| 


APPENDIX С 
The relation between the plate current and the grid voltage of a 
vacuum tube during the conducting period is in general not linear. The 
plate current is instead proportional to the nth power of the grid volt- 


| 


[ | } 4- & 4—1 = 
[——— RESISTANCE LOAD j~ 4 — ==] — 
ТУРЕ ‘56 TUBE | 


age. The magnitude of n usually lies between one and two, its value 
changing with the value of load impedance. A consideration of the lin- 
ear and of the square-law relations would therefore cover the complete 
range of possible operation for all tubes and loads. The mathematical 
treatment for the square-law case by means of the Fourier analysis 
leads to a quadratic involving integral functions. While this quadratic 
can be evaluated, the expressions become so involved and unwieldy 
that they have been considered as impracticable for inclusion in this 
paper. However, the effect. of the curvature near cutoff can be con- 
sidered without recourse to an involved mathematical treatment. 

In practice the operation extends over a large portion of the char- 
acteristic, the greater part of which is linear. As previously pointed out 
in this paper, the curvature near cutoff decreases the maximum value 
of any particular harmonie below that which could be obtained with 
a strictly linear characteristic. This curvature also results in a change 
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of the pulse angle at which a maximum harmonie voltage is obtained. 
These effeets are shown by the curves of Fig. 12. The solid сигуе shows 
the measured values of the third-harmonic voltage as measured across 
the plate load of a '56-type tube. The dashed eurve shows the theo- 
retically computed values assuming a linear characteristic. 

The departure of the experimental from the theoretical, due to the 
curvature of the characteristic near cutoff, ean be understood from a 
consideration of the Fourier analysis as illustrated in Fig. 13. In this 
figure, three different conditions for the analysis of the third harmonic 


Fig. 13 


have been illustrated. Based on the ideal charaeteristie the three 
conditions correspond to (А) I*0-degree pulse angle, (B) 120-degree 
pulse angle (the angle of theoretical maximum third harmonic), and 
(C) 0-degree pulse angle. 

The third-harmonie current is given by the expression 


1 ar 
в = f 2, sin 3040. 


п 


Referring to Fig. 13(a) it is seen that for the ideal characteristic this 
integral is equal to 0. This is true since the integral between the 
points 0 and 1 is 0 (7, —0 over this region) and the integral between 
points 1 and 2 is equal to the negative value of the integral between 
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points 2 and 3. The curvature, however, gives the integral between the 
point 0 and 1 a negative value instead of 0. The result is that 73 
has a negative value for the conditions shown in Fig. 13(a). It is thus 
apparent why the measured value of third harmonie has a negative 
value for a pulse angle of 180 degrees as shown by the experimental 
curve of Tig. 12. 

From Fig. 13(b) it can be noted that for the ideal characteristic the 
integral between the points 0 and 1 is 0, the integral between the 
points 1 and 2 is positive, and the integral between the points 2 and 3 
is negative. Since the integral between points 2 and 3 is greater in 
magnitude than the integral between points | and 2, the resultant 
magnitude of 4; is negative. It is apparent that the effect of the curva- 
ture is to give a positive value to the integral between the points 0 and 
1 and hence decreases the magnitude of the resultant negative value of 
the third-harmonic current. 

The presence of a small pulse of plate current as shown in Fig. 
13 (©) results in the presence of a small amount of third-harmonic cur- 
rent. 


o ще < 


mc. 
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ON SINGLE AND COUPLED TUNED CIRCUITS HAVING 
CONSTANT RESPONSE-BAND CHARACTERISTICS* 


By 


Ho-Suou Lou 
(Purdue University, Lafayette, Indiana) 


Summary—The gain characteristic of a two-stage amplifier, one stage of which 
works into coupled tuned circuits while the other works into a single tuned circuit, 
is discussed. It is shown that this combination is capable of giving а flat response 
over a satisfactory band of frequencies and that the required circuit constants are 
easily computed. 


VERY simple means of obtaining a constant response through- 
pw the band of an amplifier may be realized by a cascade ar- 
rangement of two stages, with one of them working into a 
coupled tuned circuit, and the other into a single tuned circuit, as 
shown in Fig. 1. Аз is well known, the coupled-cireuit stage ean be 


Fig. | — The general scheme. 


made to yield а gain eurve having a valley in the center. With proper 
proportioning, the peak of the single circuit сап be made to fill up 
this valley without material sacrifice of band width. 

The analysis of the coupled-circuit stage may be based on Aiken's 
paper! and gives for the gain 


€ пе" 
А = „РЕ и : F (1) 


l 1/2 
SVR, Re [ 1 +s?) —2 (= pr : Jor ого) 


* Decimal classification: 363.1. Original manuscript received by the In- 
rane July 26, 1937; revised manuscript received by the Institute, Novem- 
ver 1, 1937. 

'C. B. Aiken, “Тлуо-шезЬ coupled tuned circuits,” Proc. 1.В.Е., vol. 25, 
pp. 230-272; February, (1937). 
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where 
Qni = transconductance of the first tube 
wM 
Ss 
м GR. 
TEN: 
Е 0, 
Xo Хо. 
( = = Q. = 
B ^ Р, 
25 
SA M 
of 


In a similar way analysis of the single-circuit stage gives the gain 
y g g 
ез (Ims Qs X L3 


A, = — = — =" (2 
€» V + FQ: ) 


The over-all gain A14: is the product of the individual gains and 
may be written in terms of Q, 


Qsnv/mQ,? А 
у = : = = — - (3) 


= = 
(1 + 83)? + [а +err? — 2 (= — z) n joe 


b 
-+ Е — 2(= — о) por + REFS 


where, 
2А 145 

)— LY ? 
(misa X cX ua 
Qs 

т = — 
Qi 
Qs 

п = — · 
Qi 


The maxima and minima of the gain eurve may be found by dif- 
ferentiating (3) with respect to F and setting the result equal to zero. 
This operation gives for the corresponding frequencies 


F=0 (4) 
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and 


b 
[а +n? — 2 (= = ;)"| 
b 
+ 2m С = 2( еы ) "| QEF? + Зт?п? F = 0. (5) 
The positions of the valleys and peaks іп the band is thus seen to 


be symmetrical with respect to the center, where F=0. The gain at 
the center is, from (3) and (4), 


nQ? (6 
yo = 28\/m ea . ) 


met п. 
аа 
ы м е1 à 


F 


Fig. 2—General resonance curve of the scheme ne 
equal coupled-circuit resistances. 


2 
^ at тз" 


For a broad band, this same gain should be obtained at the fre- 
quencies of the peaks. To find the relations needed to accomplish this, 
substitute (6) for the gain in the general expression (3) and solve 
simultaneously with (5). The result is 


m (7) 
п = : 7 
m1 


General characteristics of the combined tuned circuits are shown 
in Figs. 2 and 3. In Fig. 2 the resistances in the two coupled circuits 
are equal while in Fig. 3 they are unequal. As the coupling s increases, 
the gain goes through a maximum for a value of s equal to unity. For 
greater couplings the gain decreases, but the band width continues to 
increase, while the gain remains reasonably flat up to moderately 
wide bands. The unequal resistance condition of Fig. 3 is seen to be 
superior to the equal resistance condition of Fig. 2 
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Fig. 3— General resonance curves of the combined scheme with 
unequal resistances for the coupled circuit. 


In Figs. 4 and 5 the effect of the Q’s of the various circuits is illus- 
trated for two values of coupling. When the curves are reduced to a 
common gain basis by the relation 


y 


———— 8 
n Мт ©,” ) 


„ = 


the effect on the band width is demonstrated, as may be seen by refer- 
ence to Fig. 6. The required Q for a given band width may be found 


Fig. 4— Comparison of у for different values of 
Qı at the critical coupling. 
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by differentiating (8) with respect to Qı which results in the formula 
1 b m 
Qi = — (»- )-: 
V3F 2 n? 
[m fu XT 2 "| (9) 
2 а т 


Fig. 5—Comparison of y with different values of Q, 
above critical coupling. 
In the use of this relation, » and n may be roughly estimated as the 
effect on Q is not critical. Final adjustment may be made by altering 
the coupling. 


Fig. 6—Effect of Q on band width. 


In regard to the coupling, it is interesting to note that the transi- 
tion from curves with a single peak to those with three peaks does not 
occur for the value s=1 (usually called critical coupling) but for а 
somewhat larger value. This value may be found from (5) by placing 
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F equal to zero. The result, termed as “transmutational coupling,” 
may be written with the aid of (7) 


"= у +I. (10) 


When the actual coupling exceeds this value but slightly, the de- 
pression in the valleys will naturally be very small. 

To sum up, the procedure for circuit design is as follows: Knowing 
the desired band width, and the resonant frequency, find the required 
Q from (9), taking into consideration the desired gain (6), the re- 


Fig. 7—Comparison of the relative response. 


(A) The combined scheme. 
(B) Two stages of single tuned circuits. 
(C) Two stages of coupled tuned circuits. 


quired relation between the Q’s, (7), and the “transmutational cou- 
pling” (10). For comparison, Fig. 7 shows the response of the combined- 
circuit amplifier together with that from two stages of coupled cir- 
cuits and also from two stages of single circuits. In all three cases the 
conditions assumed are 
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ARMSTRONG’S FREQUENCY MODULATOR* 


By 
D. Г. JAFFE 


(Marcellus Hartley Laboratory, Department of Electrical Engineering, Columbia University, 
New York, N.Y.) 


Summary— When the side bands of an amplitude-modulated signal are shifted 
90 degrees and then recombined with the carrier, a frequency-modulated carrier re- 
sults, In this paper the order and magnitudes of the distortion components of such a 
frequency-modulated carrier are quantitatively determined assuming an idealized 
receiver. It is found that this type of distortion will be negligibly small after frequency 
multiplication to obtain the desired carrier frequency. 


FUNDAMENTAL CONSIDERATIONS 
Consider a voltage 
e = E sin $ (1) 
where, 
е = instantaneous value 
Е = maximum value 


Ф = instantaneous angle. 
Then the instantaneous radian velocity w is defined as 
do 
gan (2) 
dt 


Г ©. (3) 


whence 


$ 


Thus we may write (1) as 


ES 


E sin n cxt. (1) 


For a frequeney-modulated voltage 
w = wo(l + К, cos №) (5) 


where, 
9/27 = fixed frequency 
ку = fraction of fixed frequency that wo/2z is varied 
1/21 =audio frequency. 
* Decimal classification: R148. Original manuscript received by the Insti- 


tute, September 13, 1937; revised manuscript received by the Institute, Novem- 
ber 15, 1937. 
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Equation (4) now becomes 


o 
Ш 


E sin f oot + k; cos М) (6) 


^ 
Ш 


Kg . 
E sin (ы + E sin М + Ў, (7) 


If we let kywo/A = т; and С 20 then we may write 


е = E sin (wot + my sin №). (8) 
Let 


Ф@) = (wot + m; sin М) 


then 


% 
| 


= E sin $/(0. (9) 


For systems of demodulation which depend upon the rate of change 
of ¢,(t), or the instantaneous frequency, it is necessary that Ф,'(1) have 
the same functional form as the modulation signal for amplitude-dis- 
tortion-free transmission. Equations (8) and (9) are for an ideal ease 
with a sinusoidal modulation signal. Thus 


dd, (t) d ee ini) 
- my sin 
dt dt x К 


$,'(t) = 


= wo + my cos № 
but 


ту = Кушо А 


do, (t 
- i = wo(l + ky cos М) 
[/ 


which evidently contains no harmonic terms. 


ARMSTRONG’S SYSTEM 


An ingenious method of producing a frequency-modulated carrier 
has been developed by Edwin Н. Armstrong of Columbia University. 
His method involves shifting the side bands or earrier of an amplitude- 
modulated carrier 90 degrees and then recombining the translated 
components. 


Ж „и 
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If we have an amplitude-modulated carrier, 
V, = Eo(l + m, sin X) sin wot (10) 
where ma is the per cent amplitude modulation. Upon expanding (10) 
V, = Eo sin wo + MaEo sin wo sin M. (11) 
Let m,Eo=2E,, where E, is the amplitude of the two side bands, and 
suppose the side bands are shifted +90 degrees so that 
У, = Eo sin wot + 2E, sin M cos wot. (12) 
We can rewrite (12) as 
barnett BP s 2E, 
У, = VE? + (2E, sin M)? sin E + tan ( E, sin 2 (13) 


Variations in the amplitude of the earrier ean be smoothed out by 
means of a suitable current limiter.! We need therefore concern our- 
selves with the sinusoidal argument only. Equation (13) represents a 
phase-modulated carrier, but И E, is made inversely proportional to 
the audio frequency, frequency modulation results. 


TOMUTWUERS 


Fig. 1—Armstrong system of frequency modulation. 


If the side bands are produced by a balanced modulator then 
E,— A,E, where E, is the input voltage to the modulator and the 
output of some preamplifier. Am is the absolute gain of the modulation 
circuit. Suppose E, = К/А where k is a constant, then E, = А „К/А. This 
may be accomplished by connecting across the output of the preampli- 
fier a condenser in series with a suitable resistance and feeding the 


1 Refer to Bibliography. 
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voltage across the condenser to the balanced modulator. Thus the side- 
band voltage will be made inversely proportional to the audio fre- 
quency. If we write (13) setting 


E, = МЕ ОЕ, sin M)? 
E, = А.Е, = Ank/d 


then 
2A nk 
V, = 12, sin [ы + tan C —— sin м) | 
Eo) 
V, = Е, sin [wot + tan™ (p sin M)} . (14) 
where р=2А„А/ЕоХ. 
Let 
f(t) = [wot + tan~ (p sin №) | 
then 


V; 


Ш 


E. sin f(t). (15) 


DISTORTION PRODUCED ву COMBINING SIDE BANDS AND CARRIER 


As has been shown above, for distortionless transmission with a 
sinusoidal modulating signal, df(f)/dt should contain no harmonics. It 
is here assumed that the carrier is of the form as given by (14); 1.е., 
no distortion has been introduced between the combination of carrier 
and side bands and the demodulation system. Then 


df(t) Х cos № 
Ч ИИ T3 
dt 1 + р? ѕіп? X 
Remembering that 
2A к 
Ко 
1f(t k cos № 
df) _ E SEI = URINE (17) 
dt Eo 1 + p? sin? M 


Referring to (14) and (16) it will be seen that the maximum angular 
shift is determined by p. Equation (17) shows that the demodulation 
products will have amplitude distortion only. 

Fourier analysis of the term 


cos № 
1 + р? sin? X 
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reveals that there are only odd harmonics whose amplitude may be 
expressed as follows: 


2 
от р 10 (18) 


where, 
A,n=magnitude of the nth harmonie 
p=are tangent of the maximum angular shift. 


In Fig. 2 the harmonic magnitudes and per cent harmonic in terms 
of the fundamental have been plotted for values of p between 0 and 
1. Fig. 3 gives the per cent harmonic in terms of the fundamental for 


20 20, 
/6 16 
Š > 
к $ 
x ES 
ке N 2 
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ёа 58 n Y GE, Sun (unt £6) 
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o [^] 
о 10 20 30 40 50 
Ө max -DEGREES 
Fig. 2— Per cent distortion versus p. Fig. 3— Per cent distortion versus 


maximum phase shift in degrees. 


values of are tangent of р up to 45 degrees. Since the 5th harmonic is 
very small compared to the 3rd, the per cent total distortion is prac- 
tically equal to the per cent 3rd harmonic. 

Equation (17) shows p to be inversely proportional to ^. 'Thus if we 
choose А so that the total distortion at \/2т = 20 cycles is 5 per cent, 
from Fig. 2, р= 0.48. Fig. 4 shows the variation of the per cent total 
distortion versus audio frequency for this condition. Fig. 4 further 
shows that if p is chosen as 0.48 for \/2r=20 cycles then for audio 
frequencies above 100 cycles the distortion will be negligible and for 
lower frequencies will be 5 per cent at 20 cycles. 

In an Armstrong frequency-modulated transmitter the original 
voltage as defined by (13) is passed through a series of frequency dou- 
blers so that after m stages of doubling (13) becomes 
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ue nn ae 0020 2E 
V, = VE? + (2E, sin М)? sin 2m Е ste tan=( x sin x]. (13a) 
40 
It is interesting to note that neither the per cent frequency change nor 
the per cent harmonic distortion is affected by doubling. Heterodyning 
in the transmitter will change the per cent frequeney ehange but will 
not affect the per cent distortion due to the combination of side bands 


10009 


Fig. 4—Per cent total distortion versus audio frequency for \/2r=20 cycles. 


and earrier. Thus by keeping the modulator phase shift less than 25.5 
degrees at 20 cycles and frequency doubling to obtain the desired саг- 
rier, the distortion due to the modulator сап be made negligibly small. 


CONCLUSIONS 


Thus it has been shown that the type of distortion in Armstrong’s 
frequency modulator is amplitude distortion and that the distortion 
components are odd harmonies of the modulating voltage. The total 
distortion is made up practically of a 3rd harmonic of the modulating 
voltage. For less than 5 per cent total distortion the phase shift must 
be less than 25.5 degrees. For a phase shift of 45 degrees the distortion 
is 17.4 per cent. If the phase shift is adjusted to 25.5 degrees at an 
audio frequency of 20 cycles the distortion will be 5 per cent at 20 cycles 
and 0.06 per cent at 400 cycles. 

Armstrong! has indicated that a maximum phase shift of 30 degrees 
be used for an audio frequency of 30 cycles. The distortion will then be 
7.2 per cent at 30 cycles and less than 0.05 per cent at 400 cycles. 
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CHARACTERISTICS OF THE IONOSPHERE AT 
WASHINGTON, D. C., FEBRUARY, 1938.* 


Bv 


T. В. GILLILAND, S. S. Кавву, and N. SMITH 
(National Bureau of Standards, Washington, D. C.) 


ATA on the critical frequencies and virtual heights of the iono- 

sphere layers are given for February, 1938, in Fig. 1. Fig. 2 

gives the maximum frequencies which could be used for radio 
communication in latitudes approximately that of Washington, cal- 
culated from the data of Fig. 1. 

Figs. 1 and 2 show that the night critical frequencies and maximum 
usable frequencies for February were considerably greater than those 
for December and January. These night values are expected to increase 
somewhat during the spring and remain high until about October. 
The daytime F;-layer critical frequencies and maximum usable fre- 
quencies were also slightly greater during February than during Decem- 
ber and January. The daytime values for the F, layer however are 
expected to begin decreasing during March and to remain low until 
the latter part of September. The daytime E-layer critical frequencies 
are expected to rise to a seasonal maximum near the time of the sum- 
mer solstice and then decrease again. All of these effects are seasonal 
and may be estimated approximately in advance from previous sea- 
sonal variations already published. 

The following critical frequencies for February, 1938, were less 
than those for the corresponding hours in February, 1937, by approxi- 
mately the following amounts: noon fr», 300 kilocycles; midnight fr, 
200 kilocycles; diurnal minimum (0600 local time), 600 kilocycles; 
noon fz, 180 kilocycles. If seasonal effects are eliminated by comparing 
critical frequencies fora given month with those for the corresponding 
inonth of the preceding year, there can be observed a trend toward 
lower critical frequencies in recent months. This has been found for 
several months, possibly beginning with November, with the Е layer 
first showing the trend. À similar condition over a like period of time 
has not been found for several years. Until this decrease began, there 

* Decimal classification: R113.61. Original manuscript received by the 
Institute, March 9, 1938. This is one of a series of reports on the characteristics 
of the ionosphere at Washington, D. C. For earlier publications see Proc. I. R.E., 
vol. 25, pp. 823-840; July, (1937), and a series of monthly reports beginning in 
Proc. I. R.E., vol. 25, mon 191; September, (1937). Publication approved 


by the Director of the ional Bureau of Standards of the U. S. Department of 
Commerce. 
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had been a considerable year-to-year increase of critical frequencies 
since 1933 or 1934. This may mean that the maximum of the 11-year 
cycle of solar activity has been passed. 

The ionosphere storms during February were very mild compared 
to the three severe storms in January. Only one storm, the moderate 
one of February 14, affected the ionosphere appreciably during the 
daytime. Ionosphere disturbances were indicated on several other 
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Fig. 1—Virtual heights and critical frequencies of the E, F, and F; layers of the 
ionosphere for February, 1938. The solid-line graph represents the average 
for undisturbed days. The dotted curve shows_values for the ionospherically 
disturbed day of February 14. 


days between about midnight and sunrise. The moderate ionosphere 
storm of February 14 occurred 28 days after the severe storm of Janu- 
ary 17. No ionosphere storms occurred at a like period after the severe 
storms of January 22 and 25; indeed, the ionosphere was extremely 
quiet during this period. The most severe ionosphere storms during 
February, 1938, are shown in Table I approximately in the order of 
their severity. 
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Table II shows the number of hours fr” differed from the February 
average of the undisturbed days by more than the given percentages. 


MAXIMUM USABLE FREQUENCY IN Mc/s 


o 8 4 6 а 10 12 14 16 18 20 22 0 


Fig. 2—Maximum usable frequencies for latitude of Washington, average for 
February. Time to be used is local time where the waves are reflected from 
the ionosphere layer. 


TABLE I 
Min. fr^ dur- z Magnetic character! 
hp before : А Max. fr, к 
Date and hour E.S.T. sunrise fan day (be- during day, ——————— - — 
km огеле) ke 0000-1200 | 1200-2400 
£ G.M.T. G.M.T. 
Feb. 14 
DO "18005 2. a on ван 344 5400 12,000 1.0 0.9 
"eb. 6 

0000-0800............ 346 700 near average Ll 1:1 
Jan. 31 after 2300|.... 346 3350 near average 0.5 0.6 
Feb. 1 to 0700 
Feb. 11 
0000-0800............ 344 4200 near average 0.9 0.2 
Average of undisturbed 

Саки дл ҮҮ 288 5220 13.600 0.3 0.3 


d её were also slight ionosphere disturbances between midnight and sunrise оп February 7, 9, 
and 10. 


_ ! American character figure, compiled by the Department of Terrestrial Magnetism, Carnegie 
Institution of Washington, from data supplied by their two observatories and five observatories of the 
United States Coast and Geodetic Survey. 
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From 0100 to 0300 E.S.T., February 6, the eritical frequencies were so 
poorly defined that they could not be determined. These hours could 
поё be listed in the percentage variation of Table II but are included 
in the total of 387 hours of night observations. 


TABLE 11 


For 387 hours of observations between 1900 and 0800 local time 


Per cent... . ...| —50 —10 —30 —20 —10 | -0 +0 +10 +20 
Number of hours. а 2 3 12 21 78 | 198 186 41 2 
Disturbed hours s 2 3 1 18 33 40 5 0 0 
Undisturbed hours.... 0 0 1 3 45 158 181 4 2 


For 40 hours of observations оп Wednesdays between 0900 and 1800 local time. 


Number of hours (all 
undisturbed ) : 0 0 0 0 0 22 17 1 о 


Fade-out activity was rather low during February. The prolonged 
periods of low-layer daytime absorption continued to be well marked 
but were not as severe as during January. 

Sudden disturbances of the ionosphere at Washington during Feb- 
ruary were marked by the radio fade-outs listed in Table III. 


TABLE 1H 


Date 1938 | Beginning of | Beginningof | Recovery | Location of . Min. 
fade-out recovery | complete transmitter intensity 
Feb. 3 1733 | 1804 1820 Оһо, Mass., D.C. 0.0 
Feb, 19 1704 | 1724 1730 Qhio 0.01 
Feb. 21 | 1906 1918 1930 {Ohio | 0.1 


‹ 1 All times С.М.Т. Minimum intensities given in terms of transmissions from W8XAL, 6060 
kilocycles, distance 650 kilometers. 


Out of 667 hours of observations during February, sporadic Е ге- 
fleetions occurred above 4500 kiloeveles during only 1 hour. 


Note: The National Bureau of Standards broadeasts current iono- 
sphere data and maximum usable frequencies, each Wednesday, by 
radiotelephone from its station WWV, in accordance with the following 
schedule: 1:30 p.M., E.S.T., 10 megacyeles; 1:40 р.м., E.S.T., 5 mega- 


4 


cycles; and 1:50 r.m., I.S. T., 20 megacycles. 
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MEASURING INSTRUMENTS—LABORATORY APPARATUS 
Q, DIELECTRIC CONSTANT, AND CONVERTER-TUBE PERFORMANCE * * * Bulletin 
A describes instruments for measuring the Q and dielectric constant of compo- 
nents and materials and for checking on the performance of converter tubes. 
(4 pages + price list, 6 X 9inches, printed.) Boonton RadioCor poration Boonton, N.J. 


STANDARD-SIGNAL GENERATOR * * * А new bulletin (Form 489-4) gives specifi- 
cations on the Type 605-B Standard-Signal Generator. (4 pages, 84 X11 inches, 
printed.) General Radio Company, 30 State Street, Cambridge, Mass. 


AMPLIFIER FOR MEASUREMENTS * * * This leaflet describes the 7673 thermionie 
amplifier designed to permit the use of short-period galvanometers with high- 
resistance glass electrodes in hydrogen-ion-concentration measurements. (2 
pages, 72 X104 inches, printed.) Leeds & Northrup Company, 4908 Stenton 
Avenue, Philadelphia, Pa. 


RecorvinG Етето STRENGTH * * * Bulletin Number 1037 describes the use of a 
graphic instrument for recording field-intensity changes in а coverage survey. 
(8 pages, 84 X 1 1 inches, printed.) The Esterline- Angus Company, Indiana polis, Ind. 


ANTENNA MEASUREMENTS ° * * "Broadcast. Antenna Measurements with the 
Radio-Frequeney Bridge” appears in The General Radio Experimenter for Febru- 
ary. (8 pages, 6 х9! inches, printed.) General Radio Company, 30 State Street, 
Cambridge, Mass. 
Precision Мелвоніха Equipment * * * А new bulletin with this title describes 
the 68-A Beat-Frequency Oscillator and the 69-A Distortion and Noise Meter. 
(8 pages, 8} X 11 inches, printed.) RCA Manufacturing Company, Inc., Camden, 
N.J. 
Оттвл Sensitive Merer * * * Bulletin TE-1012 describes а multi-range instru- 
ment for measuring low values of current (and direct-current voltages or resist- 
ance). (1 page, 8} X11 inches, lithographed.) RCA Manufacturing Company, 
lnc., Camden, N. J. 
Resistance Boxes * * * The Shalleross line of decade resistance boxes and po- 
tentiometers (voltage dividers) is deseribed in Bulletin No. 835. (4 pages, 84 X11 
inches, printed.) Shallcross Manufacturing Company, Collingdale, Pa. 
PANEL Instruments * * * Price list 45-1 on Triplett panel instruments has just 
been issued. (4 pages, 8} X11 inches, printed.) The Triplett Electrical Instrument 
Company, Bluffton, Ohio. 
Power-Leveu INpicators* * * Circular R-100-E describes power-level indica- 
tors and gives data on speed and damping characteristics. (12 pages, 83 ЖИ 
inches, lithographed.) Weston Electrical Instrument Corporation, 589 Frelinghuy- 
sen Avenue, Newark, N../. 
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BROADCAST TRANSMISSION EQUIPMENT 


ANTENNA-CouruinG Units * * * Bulletin 816 describes З sizes of coupling units 
for use with shunt-excited radiators. (1 page, 8} X11 inches, lithographed.) 
Victor J. Andrew, 7221 South Francisco Avenue, Chicago, 1 il. 


Brusu Strokes * * * An article in the January, 1938, issue of Brush Strokes de- 
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4$ X6 inches, printed.) The Brush Development Company, Perkins Avenue, Cleve- 
land, Ohio. 


Micrornones * * * The January, 1938, issue of the Technical Bulletin discusses 
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Brothers, 225 И’. Huron Street, Chicago, 1Ц. 
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ceiver. (2 pages each, 83 X11 inches, printed.) RCA Manufacturing Company, 
Inc., Camden, N.J. 


Marine Rapiro TELErnONE Equipment * * *А bulletin under this title :le- 
scribes the 224A Radio-Telephone Equipment for installation on small boats. 
(8 pages, 8X11 inches, printed.) Western Electric Company, 195 Broadway, New 
York, N. Y. 

MATERIALS—METALS, INSULATION, DIELECTRICS 
А New MouoinG Mareriau® * * Bakelite has developed а new thermoplastic 
material with good dielectric properties at radio frequencies. Specifications are 


given in Bulletin X MS-10023. (4 pages, 81 X11 inches, printed.) Bakelite Cor- 
poration, 247 Park Avenue, New York, N. Y. 


Uurra STEATITE * * * Bulletin 10-37 lists the electrical characteristics of Ultra 
Steatite and the standard shapes in which it is obtainable. (24 pages and cover, 
5 X9 inches, lithographed.) General Ceramics Company, 30 Rockefeller Plaza, New 
York, N. Y. 


КҮЗНЕ AND LawiNATED PrigNoric БНЕЕТЗ * * * Performance data and informa- 
tion on methods of working vuleanized fibre and laminated phenolic products are 
given in the “1938 Engineering Data Book.” (32 pages+cover, 8) X11 inches, 
printed.) —5 paulding Fibre Company, Inc., 810 Wheeler Street, Tonawanda, №. Y. 


THERMOSTATIC BiuETAL * * * A supplement to “The Blue Book of Thermo- 
metals" has just been issued. (12 pages, 85 X11 inches, printed.)— 7ле И. А. 
Wilson Company, 106 Chestnut Street, Newark, N.J. 


COMPONENTS 


CoNpENsER Tests * * * Part I of an article “Practical Methods of Testing Con- 
densers" appears in the January, 1938, issue of The Aerovor Research Worker. 
(4 pages, 81 X11 inches, printed.)—Aerovor Corporation, 70 Washington Street, 
Brooklyn, N. Y. 


Rapio-FreQuency I[Npucrors* * * Catalog No. 937 gives specifications on 
Aladdin's line of iron-cored inductors. (12 pages, 813 X11 inches, printed.)— 
Aladdin Radio Industries, Inc., 466 West Superior Street, Chicago, НІ. 
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ConpENSER CALCULATION Cnanr * * * Cornell-Dubilier has published a calcula- 
tor chart for quickly determining the capacitance and power factor of an electro- 
lytic condenser from measurements of power and current at 110 volts, 60 cycles. 
—Cornell- Dubilier Electric Corporation, South Plainfield, N. J. 


FLEXIBLE Suarts* * * Bulletin 1037 gives application specifications (torque 
characteristics, etc.) on flexible shafts for remote controls. (4 pages, 81 X11 
inches, printed.)— Тле S. S. White Dental Manufacturing Company, 10 East 40th 
Street, New York, N. Y. 


CONDENSERS WITH CERAMIC DIELECTRIC * * * А recent “Specification” describes 
the new Erie ceramic-dielectric condensers and discusses their use for compensat- 
ing frequency drift resulting from temperature changes. (9 pages +cover, 8} X 11 
inches, mimeographed.)— Erie Resistor Corporation, Erie, Pa. 


EXPERIMENTAL TELEVISION Circuits * * * Kenyon Engineering News, Number 
20, is devoted to an article with the above title. (4 pages, 83 X 11 inches, printed.) 
— Kenyon Transformer Company, Inc., 840 Barry Street, New York, N. Y. 


TEMPERATURE-RIsE IN Resistors * * * The March “Ohmite News" gives data 
for determining the temperature rise to be expected in a given vitreous enameled 
resistor for different values of watts dissipated. (2 pages, 83 X11 inches, litho- 
graphed.)—Ohmite Manufacturing Company, 4835 Flournoy Street, Chicago, ГЦ. 


VorrTAGE REGULATORS * * * Bulletin DL48-71F gives specifications and discusses 
applieations for Raytheon voltage regulators. (4 pages, 83 X11 inches, printed.) 
Raytheon Manufacturing Company, 126 Willow Street, Waltham, Mass. 


TUBES 


TRANSMITTING Товез * * * Amperex transmitting and rectifier tubes are de- 
scribed in a new catalog. (60 pages and cover, 9 X11} inches, printed.)— А трегех 
Electronic Products, Inc., 79 Washington Street, Brooklyn, М. Y. 


VaAcuuM-TunE NoisE * * * Bulletin #51 is а technical report on “Noise in 
Vacuum Tubes and Associated Circuits” by J. В. Nelson. (10 pages, 8$ X11 
inches, lithographed.)—Raytheon Production Corporation, Newton, Mass. 


PHASMAJECTOR * * * The December-January issue of the Du Mont Oscillographer 
describes the phasmajector, a pickup tube for supplying video test signals. 
(4 pages, 6 X91 inches, printed.)—Allen B. Du Mont Laboratories, Inc., Upper 
Montclair, N. J. 


GAMMATRON * * * Application characteristics of the Type НК-54 Gammatron is 
given in Engineering Data Sheet Number 54-1. (4 pages, 8$ X11 inches, printed.) 
— Heintz and Kaufman, Ltd., South San Francisco, Calif. 


APPLICATION Notes (КСА) * * * The following application notes have been re- 
ceived: No. 84, On the operation of phototubes, 8 pages; No. 85, On the operation 
of the 6AC5-G, 3 pages; No. 86, On the operation of the 646-G, 5 pages; No. 87, 
On the 6K8—A new converter tube, 8 pages. (83 X11 inches, multigraphed and 
lithographed.)—RCA Manufacturing Company, Inc., Harrison, N. J. 


Тове Data (Raytheon) * * * Tentative data sheets for the Type 6K8 and the 
Туре 6W7G have been received. (2 pages, 83 X11 inches, multigraphed.)— 
Raytheon Production Corporation, 55 Chapel Street, Neuton, Mass. 


ELECTROMETER ТовЕ * * * Information Bulletin No. 15 describes the RH-507 
electrometer tube and the WL-756, a sputtered-carbon resistor mounted in a 
gas-filled tube envelope. (4 pages, 84 X11 inches.)— Westinghouse Electric & 
Manufacturing Company, Bloomfield, N. J. 
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positions held, and address Box 183, c/o 
Iustitute of Radio Engineers, 330 West 
42nd Street, New York, N.Y. 


ENGINEERING POSITIONS 


Advertisements on this page are accepted 
from organizations interested in employ: 
ing Institute members. Information on 
rates, preparation of material, and clos- 
ing dates will be mailed on request. 


THE INSTITUTE OF RADIO 
ENGINEERS 


330 West 42nd Street 
NEW YORK, N.Y. 


ENGINEERING DIRECTORY 


CONSULTANTS AND 
DESIGNERS 


PRACTICAL RADIO 
ENGINEERING 


including One year Residence Course 
Amplifiers * Antennas Transmitters Advanced Home Study Course 


Receivers * Laboratory Equipment Combined Home Study-Residence 
Special equipment designed Course 


and constructed x ү 
RADIO DEVELOPMENT & СЕТИ 
Capitol Radio Engineering 


RESEARCH CORP. 
145 West 45th Street, New York, N.Y. Institute 
Tel. BRyant 9-6898 Washington, D.C. 


Cathode Ray Tubes 
and Associated 
Equipment For АП 


Purposes 


QUARTZ CRYSTALS 


for Standard or Special 
Radio Frequency Applications 


Write for Complete 
Technical Data 


ALLEN B. DUMONT 
LABORATORIES 
UPPER MONTCLAIR, М.]. 


Write for Catalog 


BLILEY ELECTRIC CO. 
230 Union Station Bldg. 
ERIE, PENNA. 


When writing to advertisers mention of the PkockEDiNGs will be mutually helpful. 
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Western Electric’s NEW 5KW 
has the DOHERTY CIRCUIT, too! 


FEATURES OF THE 


5КМ/ 


Doherty Circuit increases effi- 
ciency of final amplifier stage 
from the usual 30% to over 60%, 


Requires less primary power, 
greatly reduces operating and 
maintenance costs. 

Automatic line voltage regula- 
tor. 

Improved stabilized feed-back 
circuit. 

Automatic circuit breakers and 
an automatic reclosing con- 
tactor in the power circuit to 
the rectifier. 

Cathode ray oscillograph con- 
nections in all important cir- 
cuits. 

Engineered to permit increase 
in power to 10K W, SOKW and 
S00KW by adding sclected 
apparatus, 


“ASK YOUR ENGINEER” 


In the new 5KW (as in the new 50KW) the 
famous Doherty Circuit increases power 
amplifier efficiency by more than 100° ,— 
cuts operating and maintenance costs—saves 
space. One more proof that Bell Telephone 
Laboratories and Western Electric are con- 
tinuing to set the pace in better equipment 
for broadcasters! 


„нг 


Western Eleciric === 
RADIO TELEPHONE BROADCASTING EQUIPMENT 


When writing to advertisers mention of the PRockEDINGS wili be mutually helpful, 
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THE MOST STABLE CAPACITOR YET DEVELOPED 


THE CD lrer -Mnike t 


THE CONDENSER THAT RESISTS CHANGE 


Brand NEW molded silver- 


Capacity tolerance well 


|. plated mica construction. T. within 3%. 
Remarkably low tempera- 5 Capacitors tested at 1,000 
2. ture coeíficient: Plus * volts, D.C. 
? C. 
о | Range: 10 mmfd. to 1100 
3. Excellent "retrace" mmíd. (Larger sizes to be 
characteristics. 9. made available on speci- 
A, Practically no capacity fic request). 
drift with time. Ideal for use in circuits 
Exceptionally high "Q" where the LC product must 
5, (3,000 to 5,000). remain constant under all 
А operating conditions. Spe- 
iy mie he ogee! 10. cifically designed for use 
physical damage and in conjunction with push- 
6. change in electrical charac- button tuning, where accu- 


teristics, due to varying 
atmospheric conditions. 


racy and stability are of 
paramount importance, 


CORNELL (6) DUBILIER 


SEND FOR LITERATURE TO 1012 HAMILTON BLVD. 9 CABLE “CORDU” 


CORNELL — DUBILIER ELECTRIC CORP., SO. PLAINFIELD, М. J. 
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12 13 14 15 Panes 
At New York РЕЗЕ 
26 27 28 29 30 ` + 

— Hotel Pennsylvania — 

Here's a Vacation 
Suggestion 
Why not include a visit 
to New York and the 
КЕ. Convention in 

yeur plans? 

Make & note of the 
detes and look фо: the 
complete convention 
program in your June 
© Reading and discussion of technical papers Proceedings. 
© Entertainment for the women guests of members y. 
€ The exhibition of new instruments, materials, and 4 

components—an important feature of |.R.E. Annual 

Conventions since 1930 


Mo matter where in radio or allied engineering your in- 
terests lie, this year's annual convention and exhibition will 
be wcrth traveling а long way to attend. 

There is no other easier way of keeping abreast of tech- 
rical developments in our rapidly changing art. And there 
is ro better way of broadening your professional outlook 
{лап this 3-day meeting with 1000 other engineers having 
interests like your own. 


The program now in preparation will include 


Address suggestions for technical papers and reservations for exhibition spase to 


INSTITUTE OF RADIO ENGINEERS 
330 WEST 42ND STREET, NEW YORK, N. Y. 


NEW С-В High Frequency Monitor 
1,500 ke to 30 Me 


The answer to the high frequency monitoring problem . . . ех: 
tremely simple to operate . . . easily installed . . . low upkeep . . . 


moderately priced. 
FEATURES 


Visual indication of deviation outside legal allowance 


Warning lamps light if transmitter deviates above or below allowed 
tolerance 


Lamps show direction of deviation 
Easier to watch than continuously indicating type of instrument 


Simple to use: lamps out, frequency ОК... one lamp lighted, 
frequency off 


Very compact , . . 7 inches of relay rack space 
Can be used on one to four channels 


Easily installed . . . requires only a-c line and simple coupling to 
transmitter 


© No subsequent adjustments needed 
e 


Entirely a-c operated from built-in supply 


Type 775-A Frequency-Limit Monitor. , $240.00 
Туре 376-M Quartz Plates $50.00 each 


© Write for bulletin 257 for information 


GENERAL RADIO COMPANY 
CAMBRIDGE, MASSACHUSETTS 
New York Los Angeles 


GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN 


